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LOt7CR-£llERGY HYDROGEN METTKODS AKD ETRDCTURES 



-L-FLcId of the Invpnnon- 

This invention relates to methods and apparatus for 
5 releasing energy from hydrogen atoms (moJecules) as their 
electrons are stimulated to relax to lower energy levels and 
smaller radii (smaller semimajor and semiminoi axes) than 
the -ground slate" by providing a transition catalyst which 
acts as an energy sink or means to remove energy resonant 
10 with the electronic energy released to stimulate these 

transitions according to a novel atomic model. The transition 
catalyst should not be consumed in the reaction. It accepts 
energy from hydrogen and releases the energy to the 
surroundings. Thus, the transition catalyst returns to the 
I 5 origin state. Processes that require collisions arc common. For 
example, the exothermic chemical reaction of // + «to form //, 
requires a collision with a third body. M, to remove the bond' 
energy H-tH + M-i/j^ + M. The third body distributes the 
energy from the exothermic reaction, and ihc end result is the 
molecule and an increase in the temperature of the system. 
Similarly, the transition from the n = 1 state of hydrogen lo the 
inicgcr hydrogen is possible via a resonant 



2 0 



collision, say n = l lo « = l/2. In these cases, during the 
collision the electron(s) couples to another electron transition 

2 5 or electron transfer reaction, for example, which can absorb 

the exact amount of energy that must be removed from the 
hydrogen atom (molecule), a resonant energy sink. The end 
result is a lower-energy state for the hydrogen and increase in 
temperature of the system. Each of such reactions is hereafter 

3 0 referred to as a Shrinkare reaniorn each transition is hereafter 

referred to as a shrinkage iransiiinn each energy sink or 
means to remove energy resonant with the hydrogen 
electronic energy released to effect each transition is hereafter 
referred to as an energy ho»«» and the electronic energy 
3 5 removed by the energy hole lo effect or stimulate the 
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shrinkage iransilion is hereafter referred to as the r esonanrp 
shrinkage energy. An _c_i icrgv hole comprising a reactani ion 
thai is sponiancously regenerated following an cndoihcrmic 
elcciron ionization rcacrion of energy equal lo th e resonance 
^ shrinkage energy is hereafter referred lo as an ciecirocataly ric 
ioiL An energy hole comprising two rcaciants that are 
spontaneously regenerated following the an cndoihermic 
electron transfer reaction between the two species wherein 
the differences in their ionization energies is equal to ihc 
' 0 resonance shrinkasc energy is hereafter referred to as an 
electrocatalvtic couple. 

The present invention of an electrolytic cell energy 
reactor, pressurized gas energy reactor, and a gas discharge 
energy reactor, comprises: a source of hydrogen; one of a solid, 

1 5 molten* liquid, and gaseous source of energy holes; a vessel 

containing hydrogen and the source of energy holes wherein 
the shrinkage reaction occurs by contact of the hydrogen wiih 
the source of energy holes; and a means for removing the 
(molecular) lower-energy hydrogen so as to prevent an 

2 0 exothermic shrinkage reaction from corning to equilibrium. 

The present invention further comprises methods and 
structures for repeating this shrinkage reaction to produce 
shrunken atoms (molecules) to provide new materials with 
novel propenies such as high thermal stability. 

35 

2. Description of the Related Art 

Existing atomic models and theories are unable to 
explain certain observed physical phenomena. The 
Schrodinger wavefunciions of the hydrogen atom, for example, 

3 0 do noi explain the extreme ultraviolet emission spectrum of 

the interstellar medium or that of the Sun. as well as the 
phenomenon of anomalous heat release from hydrogen in 
certain eJecirolyiic cells having a potassium carbonate 
electrolyte or certain gas energy cells having a hydrogen 
3 5 spillover catalyst comprising potassium nitrate with the 

production of lower-energy hydrogen atoms and molecules, 
which is pan of the present invention. Thus, advances in 
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energy prodiiciion and niaiciiais tujvc been largely limited to 

laboratory discoveries having Iriniicd or sub-opiimal 
commercial application. 

5 SUMMARY OF THE INVENTION 

The present invention comprises methods and 
apparatuses for releasing heat energy from hydrogen atoms 
(molecules) by stimulating their electrons to relax to quantized 
potential energy levels below that of the "ground state" via 
1 0 electron transfer reactions of rcactants including 

electrochemical reactant(s) (clectrocatalytic ion(s) or couple(s)) 
which remove energy from the hydrogen atoms (molecules) to 
stimulate these transitions. In addition, this application 
includes methods and apparatuses to enhance the power 

1 5 output by enhancing the reaction rate- the rale of the 

formation of the lower-energy hydrogen. The present 
invention further comprises a hydrogen spillover catalyst, a 
multifunctionalily material having a functionality which 
dissociates molecular hydrogen to provide free hydrogen 

2 0 atoms which spill over to a functionaliiy which supports 

mobile free hydrogen atoms and a functionality which can be 
a source of the energy holes. The energy reactor includes one 
Oi an cicciroiytic ceil, a pressuriied hydrogen gas cell, and a 
hydrogen gas discharge cell. 
- 5 A preferred pressurized hydrogen gas energy reactor 

comprises a vessel; a source of hydrogen; a means to control 
the pressure and flow of hydrogen into the vessel; a material 
lo dissociate the molecular hydrogen into atomic hydrogen « 
and a material which can be a source of energy holes in the 

3 0 pas phase . The gaseous source of energy holes includes those 

that sublime, boil, and/or are volatile at the elevated 
operating temperature of the gas energy reactor wherein the 
shrinkage reaction occurs in the gas phase. 

The present invention further comprises methods and 
3 5 apparatuses for repealing a shrinkage reaction according to 
the present invention to cause energy release and to provide 
shrunken atoms and molecules with novel properties such as 
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high ihermal stability, and low rcacliviiy. The lower energy 
siaie aionn and molecules are useful for heat iransfer, 
cryogenic applicaiious. as a buoyant gas. as a medium jn an 
engine such as a Sterling engine or a luibine. as a general 
5 replacement for helium, and as a refiioerant by absorbing 

energy including heat energy as the electrons arc excited back 
to a higher energy level. 

Below '^Grouy^d Slate" Tr ansitions of Hydrogen A tnrnc 
I 0 A novel atomic theory is disclosed in Mills. R,. The Gra nd 

Unified Theory of Classical Quantum Mechanics; (1995). 
Technomic Publishing Company, Lancaster, PA provided by 
HydroCaialysis Power Corporation. Great Valley Corporate 
Center, 41 Great Valley Parkway. Malvern, PA 19355; The 

1 5 .Uji ification of Spacetime. the Forces. Ma!tcr> and En erg y Mills, 

R., Technomic Publishing Company, Lancaster. PA. (1992); The 
Grand Unified Theory. Mills, R. and Fancll. J.. Science Press, 
Ephrata, PA. (1990); Mills, R.. Kneizys. S.. Fusion Technology. 
210. (1991), pp. 65-81; Mills, R., Good, W., Shaubach, R.. 

2 0 "Dihydrino Molecule Identification", Fusion Technology, 25, 

103 (1994); Mills. R.. Good, W., "Fractional Quanium Energy 
Levels of Hydrogen", Fusion Technology. Vol. 28. No. 4, 
Noveniuei, (i9v5), pp. i697-i7i9. and m my previous U.S. 
patent applications entitled "Energy/Matter Conversion 

2 5 Methods and Structures", Serial No. 08/467.051 filed on June 

6, 1995 which is a continuation-in-part application of Serial 
No. 08/416,040 filed on April 3, 1995 which is a continuation- 
in-part application of Serial No. 08/107.357 filed on Aurusi 
16, 1993, which is a continuation-in-part application of Serial 

3 0 No. 08/075,102 (Dkt. 99437) filed on June 11. 1993. which is a 

coniinuation-in pan application of Serial No. 07/626,496 filed 
on Decenibcr 12,1990 which is a conlinuation-in pari 
application of Serial No. 07/345,628 filed April 28, 1989 
which is a continuation-in-part application of Serial No. 
3 5 07/341.733 filed April 21. 1989 which are all incorporated 
herein by this reference. 
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Frnctionnl Ouanuim Energy Levels of Hydrogen 

A number of experimental observations given in llie 
Expcritnenial Section below lead lo the conclusion that aiumic 
hydrogen can exist in fractional quantum states that arc at 
5 lower energies than the traditional "ground" {/r= I) state. For 
example, existence of fractional-quanlum-encrgy-levcl 
hydrogen atoms, hereafter called hydrinos. provides an 
explanation for the soft X-ray enijssions of the dark 
interstellar medium observed by Labov and Bowyer [S. Labov 
10 and S. Bovuycr, Astrophysical Journal, 371 (1991) 810] and an 
explanation for the soft X-ray emissions of the Sun {Thomas, R. 
J., Ncupert» M., Astrophysical Journal Supplement Series, 
Vol, 91. (1994), pp. 461-482; Malinovsky, M., Hcroux, L., 
Astrophysical Journal, Vol. 181. (1973), pp. 1009-1030; Noyes, 

1 5 R., The Sun, Our Star . Harvard University Press. Cambridge, 

MA, (1982), p.l72; Phillips. J. H., Guide to the Sun . Cambridge 
University Press, Cambridge, Great Britain, (1992), pp. 118- 
119; 120-121; J44-145). 

J. J. Balmcr showed in 1885 that the frequencies for 

2 0 some of the lines observed in the emission spectrum of atomic 

hydrogen could be expressed with a completely empirical 
relationship- This approach was later extended by J. R. 
Rydberg, who showed that all of the spectral lines of atomic 
hydrogen were given by the equation: 

25 



^ 1^ 



(1) 



where R = 109.677 cm'\ = LZ3,.... « = 2.3,4 W/i. > n,. Niels 

Bohr, in 1913, developed a theory for atomic hydrogen that 
gave energy levels in agreement with Rydberg's equation. An 
identical equation, based on a totally different theory for the 
3 0 hydrogen atom, was developed by E. Schrodingcr. and 

independently by W. Heisenberg, in 1926. 

^ e' 13.598 f-V (2a) 

n = 1,2,3,.-. ^ 
where a„ is the Bohr radius for ihe hydrogen atom (52.947pm), 
3 5 e is the magnitude of the charge of the electron, and is the 
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^ = and, n = ^2c) 



vacuum permiitiviiy. Mills* theory prcdicis ihai Eq. (2bX 
should be replaced by Eq. (2c). 

1 1 i 

2 3 4 

The quantum number n = ] is rouiincly used lo describe 
5 the "ground*' electronic state of the hydrogen atom. Mills 
{Mills. R., The Grand Unified T^i^ orv of Clas<:ical Q naniiim 
Mechanic^?, (1995). Technomic Publishing Company, Lancaster. 
PA) in a recent advancement of quantum mechanics has 
shown that the n^l state is the "ground" state for "pure" 
10 photon transitions (the n=l state can absorb a photon and go 
to an excited electronic stale, but it cannot release a photon 
and go TO a lower-energy electronic state). However, an 
electron transition from the ground state to a lower-energy 
Slate is possible by a "resonant collision" mechanism. These 

1 5 lower-energy slates have fractional quantum numbers 

"'Z^ZZZ' Processes that occur without photons and thai 
inieger 

require collisions are common. For example, the exothermic 
chemical reaction of // + // to form does not occur with the 
emission of a photon. Rather, the reaction requires a collision 

2 0 with a third body. to remove the bond energy- 

// + // -f A/ ^ + A/. Thn thir/i Kortv #liciriK».trtr tU^ :>'rr-r^\t fi.-,«» 

the exothermic reaction, and the end result is the //, molecule 
and an increase in the lempcraiurc of the system. Similarly, 

the n = i state of hydrogen and the w = — ? — states of 

integer 

2 5 hydrogen are nonradiative. but a transition between two 

nonradiaiive states is possible via a resonant collision, say n=l 
lo /i=l/2. In these cases, during the collision the electron 
couples to another electron transition or electron transfer 
reaction which can absorb the exact amount of energy that 

3 0 must be removed from the hydrogen atom, a resonant energy 

sink called an energy hole The end result is a lower-energy 
state for the hydrogen and increase in temperature of the 
system. 

3 5 Wave Fg nation Solutions of the Hvdrogen Atom 



4 
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Recently, Mills (Mills. R.. The Grand U nified Thenry nf 
Classical Quantum Mechanics (1995). Tcchnomic Publishine 
Company. Lancaster, PA) has buih on the work generally 
known as quanuino mechanics by deriving a new atomic 
5 theory based on first principles. The novel theory hereafter 
referred to as Mills' theory unifies Maxwells Equations, 
Newton's Laws, and Einstein's General and Special Relativity 
The central feature of this theory is that all particles (atomic- 
size and macroscopic particles) obey the same physical laws. 
10 Whereas Schrodtnger postulated a boundary condition: V->0 
as / ->oo, the boundary condition in Mills* theory was derived 
from Maxwell's equations [Haus, R A., "On the radiation from 
point charges", American Journal of Physics, 54, (1986), pp. 
1126-1129.]: 

J 5 For non-radiative slates, the current-density function 

must not possess space-time Fourier components that 
are synchronous with waves traveling at the speed of 
light. 

Application of this boundary condition leads to a physical 
2 0 model of particles, atoms, molecules, and, in the final analysis, 
cosmology. The closed-form mathematical solutions contain 
fundamental constants only, and the calculated values for 
physical quantities agree with experimental observations. In 
addition, the theory predicts that Eq. (2b). should be replaced 

2 5 by Eq. (2c). 

Bound electrons are described by a charge-density 
(mass-density) function which is the product of a radial delta 
function (/(r)= 6(r- rj). two angular functions (spherical 

harmonic functions), and a time harmonic function. Thus, an 

3 0 electron is a spinning, two-dimensional spherical surface. 

hereafter called an electron orbitsphere . that can exist in a 
bound stale at only specified distances from the nucleus. 
More explicitly, the orbitsphere comprises a two dimensional 
spherical shell of moving charge. The corresponding current 
3 5 pattern of the orbiisphere comprises an infinite scries of 
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I 0 



1 5 



correlated onhogonal greai circle currcni loops. The currcni 
paiicrn (shown in Figure 1.4 of Mills jMiJls. R.. The Grand ^ 
Unified Th.>nry nf ria ssical Quantum Mechap irt (1995). 
Technomic Publishing Company. Lancaster, PAJ) is generated 
over the surface by two onhogona! sets of an infinite series of 
nested rotations of two orthogonal great circle current loops 
where the coordinate axes rotate with the two orthogonal 
great circles. Each infinitesimal rotation of the infinite series 
is about the new x-axis and new y-axis which results from the 
preceding such rotation. For each of the two sets of nested 
rotations, the angular sum of the rotations about each rotatins 
X-axis and y-axis totals -Jin radians. The current pattern 
gives rise to the phenomenon corresponding to the spin 
quantum number. 

The total function that describes the spinning motion of 
each electron orbitsphere is composed of two functions. One 
function, the spin function, is spatially uniform over the 
orbitsphere. spins with a quantized anoular velocity, and gives 
rise to spin angular momentum. The other function, the 
modulation function, can be spatially uniform— in which case 
ihere is no orbital angular momentum and the magnetic 
moment of the electron orbitsphere is one Bohr magneton— or 
»ui spatially uniform— in which case there is orbital angular 
momentum. The modulation function also rotates wiih a 
quantized angular velocity. Numerical values for the angular 
velocity, radii of allowed orbitspheres. energies, and associated 
quantities arc calculated by Mills. 

Orbitsphere radii are calculated by setting the 
centripetal force equal to the electric and magnetic forces. 

The orbitsphere is a resonator cavity which traps 
photons of discrete frequencies. The radius of an orbitsphere 
increases with the absorption of electromagnetic energy. The 
solutions to Maxwells equations for modes that can be excited 
in the orbitsphere resonator cavity give rise to four quantum 
3 5 numbers, and the energies of the modes are the 
cxperimentaiiy known hydrogen spectrum. 



20 



25 



3 0 
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Exciied states are unstable because ihc charge-density 
function of the electron plus photon have a radial doublet 
ftinction component which corresponds to an electric dipole. 
The doublet possesses spacctime Fourier components 
5 synchronous with waves traveling at the speed of ligin; thus it 
is radiative. The charge-density function of (he electron plus 
photon for the » = I principle quantum state of the hydrogen 

atom as well as for each of the — ^ — states mathematically 

integer 

is purely a radial delta function. The delta function does not 
} 0 possess spacetime Fourier components synchronous with 
waves traveling at the speed of light; thus, each is 
nonradiative. 



Catalytic Lowcr-Enerpv Hydrogen Electronic Transitions 

1 5 Comparing transitions between below "ground" 

(fractional quantum) energy states as opposed to transitions 
between excited (integer quantum) energy states^ it can be 
appreciated that the former are not effected by photons; 
whereas, the latter arc. Transitions are symmetric with 

2 0 respect to lime. Current density functions which give rise to 

photons according to the nonradiativc boundary condition of 
MiiiS [iviijis, K., The Grand Unified Theory of Classical Quantum 
Mechanics . (1995), Technomic Publishing Company, Lancaster, 
PAJ are created by photons in the reverse process. Excited 

2 5 (integer quantum) energy states correspond to this case. And, 

current density functions which do not give rise to photons 
according to the nonradiativc boundary condition are not 
created by photons in the reverse process. Below "ground" 
(fractional quantum) energy states correspond to this case. 

3 0 But, atomic collisions can cause a stable state to undergo a 

transition to the next stable state. The transition between two 
stable nonradiativc states effected by a collision with nn 
resonant energy sink is analogous to the reaction of two atoms 
to form a diatomic molecule which requires a third-body 
3 5 collision to remove the bond energy (N. V. Sidgwick. The 
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1 0 

Chem i cal Elements and Their Comp oiindg. Volume I, Oxford 
Clarendon Press. (1950). p.I7J. 

Energy Hole Conccp i 
^ The nonradiaiive boundary condition of Mills and the 

relationship beiwccn the electron and the photon give the 
'allowed" hydrogen energy states which are quantized as a 
function of the parameter n. Each value of n corresponds to an 
allowed transition effected by a resonant photon which excites 
1 0 the electronic transition. In addition to the traditional integer 
values (1, 2. 3.....) of n, values of fractions arc allowed which 
correspond lo transitions with an increase in the central field 
(charse) and decrease in the size of the hydrogen atom. This 
occurs, foi example, when the electron couples to another 

1 5 electronic transition or electron transfer reaction which can 

absorb energy, an energy sink. This is the absorption of an 
energy hoje. The absorption of an energy hole destroys the 
balance between the centrifugal force and the increased 
central electric force. As a result, the electron undergoes a 

2 0 transition to a lower energy nonradiative state. 

From energy conservation, the resonance energy hole of 
a hydrogen atom which excites rcsonaior modes of radial 
dimensions — is 

/ri 4 I 

nxX 21,2 eV ^2) 

2 5 where /n = 1,2.3,4,... 

After resonant absorption of the energy hole, the radius of the 
orbiisphere, a^, shrinks to and after p cycles of resonant 

shrinkage, the radius 

• In other words, the radial ground state field can be 

3 0 considered as the superposition of Fourier components. The 

removal of negative Fourier components of energy m X 21,2 eV, 
where m is an integer increases the positive central electric 
field insjde the spherical shell by m times the charge of a 
proton. The resultant electric field is a time-harmonic solution 
3 5 of Laplace's Equations in spherical coordinates. In this case. 
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(he radius at which force balance and nonradiation arc 

achieved is —-^ where m is an integer. In decaying io this 

m + 1 

radius from the "ground" slate, a loial energy of 

l{m+\y -V]X\3.6 eV is released. The transition between two 

5 stable nonradiative states effected by a collision with an 

energy hole is analogous to the reaction of two atoms lo form a 
diatomic molecule which requires a third body collision to 
remove the bond energy [N. V. Sidgwick, The Chemical 
Elements and Their Compounds . Volume I, Oxford, Clarendon 

10 Press, (1950), p.l7). The total energy well of the hydrogen 

atom is shown in FIGURE L The exothermic reaction involving 
transitions from one potential energy level lo a lower level is 
hereafter referred to as HvdroCatalvsis. 

A hydrogen atom with its electron in a lower than 

1 5 **ground state" energy level corresponding lo a fractional 

quantum number is hereafter referred to as a hydrino atom . 

The designation for a hydrino atom of radius ^ where p is an 

P 



integer is N 



a 
P 

The size of the electron orbiisphcre as a function of 
2 0 DOieniial cnerpv i<; pjvcn in FIGUR.E 2. 

An efficient catalytic system that hinges on the coupling 
of three resonator cavities involves potassium. For example, 
the second ionization energy of potassium is 31.63 eV. This 
energy hole is obviously loo high for resonant absorption. 

2 5 However, K' releases 4.34 when it is reduced to The 

combination of K' to K^* and K* to K, then, has a net energy 
change of 27.28 eV. 

27.28 + a:- -f /r- + h\^] -^K^K''-^H Ui(p + ly - p')Xl3.6 €V 

IP} [(P^^)} 

(4) 

3 0 + /r* + /r* + 27.28 eV (5) 

And, the overall reaction is 



ipj Ui'+i). 



+ I(P+0'-pM^I3.6*V (6) 
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Note lhat the energy given off as ihc atom shrinks is much 
greaier than the energy lost to ibc energy hole. Also, the 
energy released is large compared to convcmronal chemical 
reactions. 



i 0 
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Disprop ortionation of Hne rgy States 

Lower-energy hydrogen atoms, h vdrinos , can act as a 
source of energy holes thai can cause resonant shrinkage 
because the excitation and/or ionization energies are 
mXn.ZeV (Eq. (3)). For example, the equation for the 
absorption of an energy hole of 27.21 ^V. m = I in Eq. (3). during 
the shrinkage cascade for the third cycle of the hydrogen-type 
atom, w|^yj> with the hydrogen-iype atom, ^'|^yj. that is 

ioni^ed as the source of energy holes ihat cause resonant 
shrinkage is represented by 

(7) 
(8) 



And, the overall reaction is 



'M+13.6^V/ 











^mI .So,/ 


f 0 1 








. 2 . 


T n 


[TJ-* "IT j 


+ j + i^-- 3" -41X13.6 fK + 13.6 fl^ 


(9) 



The general equation for ihe absorption of an energy hole of 
27.21 fV, m:=l in Eq. (3), during the shrinkage cascade for the 

pth cycle of the hydrogen-iype atom, with the 

hydrogen-type atom. ^[^j. ^lat is ionized as the source of 

energy holes that cause resonant shrinkage is represented by 
27.2I^>V + //|^^j+//p«J 



a 



H 



+ !(/>+ !)' - p'\X\Z.(, tV -2)XU.(> eV 



4^1 
I I J 



+ I3.6<>»' 



(JO) 
(11) 
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(12) 



And, ihc overall reaction is 

Transitions to nonconsccutive energy levels involving 
Ihc absorption of an energy hole of an integer multiple of 
27.2! eV arc possible. Lower-energy hydrogen atoms, 
hydrin^s, can act as a source of energy holes that can cause 
resonant shrinkage with the absorption of an energy hole of 
mXll.leV (Eq. (3)). Thus, the shrinkage cascade for the pih 

cycle of the hydrogen-iype atom, // ^ , with the hydrogen- 

type atom, ihai is ionized as the source of energy holes 

that cause resonant shrinkage is represented by 



ip 



a 1 ^^'^^ 
— + - p' -{m*'-2m)}Ari3.6 eV 



(14) 



And. the overall reaction is 













.p. 




L J . 



+ //[ ^ l + l?f>m + - n/^lyi'X A 11 -,1/ 



(15) 



Hydrogen is a source of energy holes. The ionization 
energy of hydrogen is 13,6 eV. Disproponionaiion can occur 
between three hydrogen atoms whereby two atoms provide 
an energy hole of 27.21 for the third hydrogen atom. Thus, 
the shrinkage cascade for the pih cycle of the hydrogen-type 

atom, H ^j, with two hydrogen atoms, -^j^y^]' source of 

energy holes thai cause resonant shrinkage is represented by 
27.2) ^V + 2//[^j+//|^j^2W-^2^' 4 //J-^ 

(16) 

2//'+2e- -^2//J-^j+27.2I^\/ (17) 
And. the overall reaction is 
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The spectral lines from dark inierslellar medium and the 
majority of the solar power can be attributed to 
disproporlionation reactions as given in the Spectral Data of 
5 Hydrinos from the Dark Interstellar Medium and from the Sun 
Secuon of Mills [Mills. R., The Grand Unified Theory nf rioc^^ 
Quantum Mechanics, (1995), Technomic Publishing Company. 
Lancaster. PA]. This assignment resolves the mystery of dark 
matter, the solar neutrino problem, and the mystery of the 
1 0 cause of sunspots and other solar activity and why the Sun 
emits X-rays. It also provides the reason for the abrupt 
chanoe in the speed of sound and transition from "radiation 
zone** to ^convection zone" at a radius of 0.7 the solar radius, 
0.7/fy as summarized in Example 4 below. 

I 5 

Eacrgy Hole ( Atomic HyHmpf^i^) 

In a preferred embodiment, energy holes, each of 
approximately 27.21 eV. arc provided by electron transfer 
reactions of reactants including electrochemical reactant(s) 
(clccirocalalytic ion{s) or couplc(s)) which cause heat to be 
released from hydrogen atoms as their electrons arc 
stimulated to relax to quantized potential energy levels below 
that of the -ground state". The energy removed by an electron 
transfer reaction, energy hole, is resonant with the hydrogen 

2 5 energy released to stimulate this transition. The source of 

hydrogen atoms can be ihe production on the surface of a 
cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in 
the case of a pressurized gas energy reactor or gas discharge 

3 0 energy reactor. 

PelQw ''<7roupd State" Transitions of Hvdropen-Type Moleculcf: 
and Molecular l^p^ 

Two hydrogen atoms react to form a diatomic molecule, 
3 5 the hydrogen molecule. 



CI IDCTI I I IXC ctJirr-r rot ti r -»r % 
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where 2c' is Ihe iiuernuclear distance. Also, two hydrino 
atoms react 10 form a diatomic molecule, hereafier called a 
di hydrino molecule . 

where p is an inlcger. 

The central force equation for hydrogen-type molecules 
has orbital solutions which are circular, elliptic, parabolic, or 
hyperbolic. The former iwo types of solutions are associated 
1 0 with atomic and molecular orbilals. These solutions are 

nonradiative if the boundary condition for nonradiniion given 
in the One Electron Atom Section of The Unification of 
Spacctime. the Forces. Matter, and Energy Mills, R., Tcchnomic 
Publishing Company, Lancaster, PA, (1992X is met. The 

1 5 mathematical formulation for zero radiation is that the 

function that describes the motion of the electron must not 
possess space-time Fourier components that arc synchronous 
with waves traveling at the speed of light. The boundary 
condition for the orbitsphcrc is met when the angular 

2 0 frequencies are 



m r 

r n 



As demonstrated in the One Electron Atom Section ol The 
Unification of Space iimc. the Forces. Matter, and Ener gy Mills. 
R., Technomic Publishing Company. Lancaster, PA, (1992), this 
2 5 condition is met for the product function of a radial Dirac delta 
function and a time harmonic function where the angular 
frequency, o). is constant and given by Eq. (21). 

nL 

h m 

<w. = l = -f (22) 



r a 



where L is the angular momentum and A is the area of the 
3 0 closed geodesic orbit. Consider the solution of the central force 
equation comprising the product of a two dimensional ellipsoid 
and a time harmonic function. The spatial part of the product 
function is the convolution of a radial Dirac delta function with 
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the equation of an ellipsoid. The Fourier «ransforin of ihc 
convoluiion of iwo functions is the product of the ind. vidua! 
Fourier transforms of the functions; thus, the boundary 
condition is met for an cHipsoidal-time harmonic function 
when 



(24) 



m,A in^ah (23) 
where the area of an ellipse is 

where 2b is the length of the semirainor axis and 2a is the 
1 0 length of the semimajor axis. The seoraetry of molecular 

hydrogen is elliptic with the intemuclear axis as the principle 
axis; thus, the electron orbital is a two dimensional ellipsoidal- 
time harmonic function. The mass follows geodesies time 
harmonically as determined by the central field of the protons 
1 5 at the foci. Rotational symmetry about the intemuclear axis 
further determines that the orbital is a prolate spheroid. In 
general, ellipi;oidaI orbits of molecular bonding, hereafter 
referred to as ellipsoidal molecular orbitals (M. O. 's). have the 
general equation 

(25) 



The semiprincipie axes of the eihpsoitf are «. b, c. 
In ellipsoidal coordinates the Laplacian i% 
<.-0«.|,*,|).,C.«,.,.A,«,^,„=.„,,^„_|,,„ (26, 

An ellipsoidal M. O. is equivalent to a charged conductor whose 
surface is given by Eq. (25). It carries a total charge q. and it s 
potential is a solution of the Laplacian in ellipsoidal 
coordinates. Eq. (26). 

Excited states of orbiispheres are discussed in the 
Excited States of the One Electron Atom (Quantization) Section 
°f The Unification of .<;pa cetime ihc FoTct^K ^ /lair^r, 
Ener^. Mills. R.. Technomic PuWishing Company. Lancaster. 
PA. (1992). In the case of ellipsoidal M. O. s. excited electronic 
states are created when photons of discrete frequencies arc 
trapped in the ellipsoidal resonator cavity of the M. O. The 
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photon changes the effective charge at the M. O. surface where 
the cenirai field is ellipsoidal. Force balance is achieved at a 
series of ellipsoidal equipotential two dimensional surfaces 
confocal with ihe ground state ellipsoid. The trapped photons 
5 are solutions of the Laplacian in ellipsoidal coordinates, Eq. 
(26). 

As is the case with the orbitspherc, higher and lower 
energy states are equally valid. The photon standing wave in 
both cases is a solution of the Laplacian in ellipsoidal 

1 0 coordinates. For an ellipsoidal resonator cavity, the 

relationship between an allowed circumference, 4aE, and the 
photon standing wavelength, X, is 

4o£ = nA (27) 

where n is an integer and where 

15 (28) 

a 

is used in the elliptic integral £ of Eq. (27). Applying Eqs. (27) 
and (28)» the relationship between an allowed angular 
frequency given by Eq. (23) and the photon standing wave 
angular frequency, is: 

2 0 = ~ = --0), = a>, (29) 

« • I I c ■ *• 

where l,2,:5,4,... 
) 1 I 

0)^ is the allowed angular frequency for n = I 
a, and are the allowed semimajor and semiminor axes for 
25 n=l 

From Eq. (29), the magnitude of the elliptic field 
corresponding to a below "ground state" transition of the 
hydrogen molecule is an integer. The potential energy 
equations of hydrogen-type molecules are 

30 ln °^f5! (30) 



v,= / (31) 



where 
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(32) 
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P^2' 
c — 'Ja' - b' = 



2/Ifi 



(33) 



(34) 



and where p is an integer. From energy conservation, the 
resonance energy hole of a hydrogen-type molecule which 
causes the transition 



2c = 



ptmj 



(35) 



IS 



where m and p are integers. During the iransiiion. ihe elliptic 
field is increased from magnitude p to magnitude p^m. The 
corresponding poienlial energy change equals the energy 
absorbed by the energy hole. 

Energy hole ^ -V, - ^ mp^ X 4^.6 eV (37 ) 

Furihcr energy is released by the hydrogen-type molecule as 
Ihe iniernuclear distance "shrinks**. The total energy, 

released during the transition is 

V 

Er =="13.6fV 



L > 



2 / V 2 — 5 



f 13.6 



2p'^ V2 - p'^2 4 ^ )jn^ - 



^/2-I 



-/V2 



20 



25 



A schematic drawing of the total energy well of 
hydrogen-type molecules and molecular ions is given in 
FIGURE 3. The exothermic reaction involving transitions from 
one potential energy level to a lower level below the "ground 
state" is also hereafter referred to as HvdroCataly sis. 

A hydrogen-type molecule with its electrons in a lower 
than "ground state" energy level corresponding to a fractional 
quantum number is hereafter referred lo as a dihvdrino 
mftlcculs . The designation for a dihydrino molecule of 



(38) 
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intcrnuclcar distance, 2c- where p is an integer is 

P 

[ 42a ' 

H] 2c- ~ , A schematic drawing of the size of hydrogen- 

type molecules as a function of total energy is given in FIGURE 
4. 

The magnitude of the elliptic field corresponding to the 
first below "ground state" hydrogcn-iypc molecule is 2. From 
energy conservation, the resonance energy hole of a hydrogen 
molecule which excites the transition of the hydrogen 
molecule with internuclear distance 2c = V2a^ to the first below 

"ground state" with internuclear distance 2c = -ira^is given by 

y2 

Eqs. (30) and (31) where the elliptic field is increased from 
magnitude one to magnitude two: 



-2e' , ai-^a'-b^ 



^ ^ rlxi 

19.23 



-67,813 eV 



r 



(39) 



(40) 



Energy hole ^-V^-V^^mX 48.6 eV (41) 
In other words, the ellipsoidal "ground state** field of the 
hydrogen molecule can be considered as the superposition of 
Fourier coiiiponcrus. TSiC reriiOViii of negative Fourier 
components of energy 

mX48.6^V (42) 
where m is an integer, increases the positive electric field 
inside the ellipsoidal shell by m times the charge of a proton 
at each focus. The resultant electric field is a time harmonic 
solution, of the Laplacian in ellipsoidal coordinates. The 
hydrogen molecule with internuclear distance 2c = >^o, is 

caused to undergo a transition to a below "ground state" level, 
and the internuclear distance for which force balance and 

42q 

nonradiaiion are achieved is 2r = — In decaying to this 

I -f m 

internuclear distance from the "ground state", a total energy of 
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+ 13.6 J(2./2 ~ V2 -f lllln:^ - ^ 
is released. «-'^ ^ J ^12-] 

(43) 

' fcngrgV H qIp (Molecnjar HvHmp ^r^) 

In a preferred embodiment, energy holes, each of 
approximately 

m^48.6.V. are provided by electron transfer reactions of 
rcaclants including electrochemical reactant(s) 
(elecroca.alytic ion(s) or couple(s)) uhich cause heat ,o be 
released from hydrogen molecules as their electrons are 
sumulated .o relax to quantized potential energy levels below 
ha of .he ground state". The energy removed by an electron 
transfer rcacuon. energy bole, is resonant with the hydrogen 
energy released to stimulate this transition. The source of 
hydrogen molecules can be the production on the surface of a 
cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydro2c„ gas or a hydride in 
»he case of a pressurized o,s energy reactor or gas discharge 
energy reactor. 

Energy p^an^f 

The present invention of an electrolytic cell energy 
reactor, pressurized gas energy reactor, and a gas discharge 
energy reactor, comprises, a source of hydrogen; one of a solid 
molten, liquid, and gaseous source of energy holes, a vessel 
containing hydrogen and the source of energy holes wherein 
the shrinkage reaction occurs by contact of the hydrogen with 
the source of energy holes; and a means for removing the 
(molecular) lower-energy hydrogen so as to prevent the 
exothermic shrinkage reaction from coming to equilibrium, 
the shrinkage reaction rate and net power output are 
•ncreased by conforming the energy hole to match the 
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resonance shrinkage energy. In genera!, power output can be 
optimized by coniroJIing the temperaiurc, pressure of the 
hydrogen gas, the source of the energy hole including the 
clectrocaialyiic ion or couple which provides the energy bole. 
5 the counterion of the elecirocaialytic ion or couple, and the 
area of the surface on which the shrinkage reaction occurs. 
The present invention further comprises a hydrogen spillover 
catalyst, a nriuliifunctionaljiy maierial having a funciionalitv 
which dissociates molecular hydrogen lo provide free 
1 0 hydrogen atoms which spill over to a funclionahly which 
supports mobile free hydrogen atoms and a functionality 
which can be a source of the energy holes. 

A preferred pressurized hydrogen gas energy reactor 
comprises a vessel; a source of hydrogen; a means to control 

1 5 the pressure and flow of hydrogen into the vessel; a material 

lo dissociate the molecular hydrogen into atomic hydrogen, 
and a material which can be a source of energy holes in the 
gas phase. The gaseous source of energy holes includes those 
that sublime, boil, and/or are volatile at the elevated 

2 0 operating temperature of the gas energy reactor wherein the 

shrinkage rcaciion occurs in the gas phase. 

Other objecis, features, and characteristics of the present 
invention, as well as the methods of oncraiion and the 
functions of the related elemcnis» will become apparent upon 

2 5 consideration of the following description and the appended 

claims with reference to the accompanying drawings, all of 
which form a part of this specification, wherein like reference 
numerals designate corresponding pans in the various figures. 

30 BRIEF DESCRIPTION OF TOE DRAWTNns 

FIGURE I is a schematic drawing of the total energy well of 
the hydrogen atom; 

FIGURE 2 is a schematic drawing of the size of electron 
orbiispheres as a function of potential energy; 

3 5 FIGURE 3 is a schematic drawing of the total energy wells of 

the hydrogen molecule. 
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Hj\2ct:42o^Y Ihe hydrogen molecular ion, ^ij\2c'^2Q^]\ ihc 



2r=-4 
V2 



, and ihc dihydrino molecular 



dibydrino molecule. Hi 

ion. //;{2r-/iJ*; 

FIGURE 4 is a schematic drawing of the size of hydrogen- 

r a/? 1 

5 type molecules, //; , as a function of tola! energy; 

f-IGURE 5 is a schematic drawing of an energy reactor in 
accordance with the invention; 

FIGURE 6 is a schematic drawing of an clccirolytic cell 
energy reactor in accordance with the present invention; 
1 0 FIGURE 7 is a schematic drawing of a pressurized gas 
energy reactor in accordance with the present invention; 

FIGURE 8 is a schematic drawing of a gas discharge energy 
reactor in accordance with the invention; and 

FIGURE 9 is a plot of the excess heat release from flowing 

1 5 hydrogen in the presence of nickel oxide powder containing 

strontium niobium oxide {Nb^^/Sr^' elccirocaialyiic couple) by 
the very accurate and reliable method of heat measurement, 
thermopile conversion of heat into an electrical output signal. 

2 0 DETAILED DESCRIPTION OF THE PRP^SFNT! ,Y PREFFRRHD 
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CATAl YnrFNFRn y HOLE STRUCTURES FOR ATOMg 

2 5 Sinple El ectron Excited State 

An energy hole is provided by the transition of an 
electron of a species lo an excited state species including a 
continuum excited state{s) of atoms, ions, molecules, and ionic 
and molecular compounds. In one embodiment, the energy 

3 0 hole comprises the excited state transition of an electron of 

one species whereby the transition energy of the accepting 
species equals approximately mX21.2\ rV where m is an 
integer. 
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Single Elcciratf Tr^^r^if'-r 

An energy hole is provided by ihe transfer of an 
electron between participating species including atoms. ,ons 
molecules, and ionic and molecular compounds. In one 
cnibodinnent. the energy hole comprises the transfer 6f an 
electron from one species to another species whereby the sum 
oi the ,oni2aUon energy of the electron donating species minus 
the ionization energy or electron affinity of the electron 
accepting species equals approximately mX27.21 rV where m is 
an inteeer. 



1 0 an integer. 
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gingle F.lectron Tran sfer fTwA < rr''''tfr} 

An efficient catalytic system that hinges on the couplins 
of three resonator cavities involves potassium. For example/ 
ihe second ionization energy of potassium is 31.63 e?V. This 
energy hole is obviously too high for resonant absorption 
However. releases 4.34 eV when it is reduced to K The 
combination of K' to K^' and K'ioK. then, has a net energy 



2 0 27.28<rV + A" 4^^* 



"by 



j-»/ir + A"* + // 









(44) 
(45) 



35 



And. the overall reaction is 

Note that the energy given off as the atom shrinks is much 
greater than the energy lost to the energy hole. And. the 
energy released is large compared to conventional chemical 
reactions. 

For sodium or sodium ions no clectrocaialytic reaction of 
approximately 27.21 is possible. For example. 42.15 of 
energy is absorbed by the reverse of the reaction given in Eq 
(45) where Na' replaces K': 

Other less cfficicni catalytic systems hinge on the 
coupling of three resonator cavities. For example, the third 
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ionization energy of palladium is 32.91 rV. This enerpy ho'» i. 
obviously too high for rcsonan. absorpuon. However' Li '^ 
releases 5.392 .V when i. is reduced .o L. The comblna„on of 



25 



21 .54 eV + W Pd 



+ ((P + l)'-/7'jAri3.6el/ 



Zi+ /'J ' ir + Pd'- 1 27.54 el^ 

And. ihc overall reaction is 



LP J [(^ + 1). 



(48) 
(49) 

(50) 



SinKie Flrciron Trancf>.r fPne 

An energy hole ,s provided by the ionization of an 
electron from a participating species including an atom, an ion 
a molecule, and an ionic or molecular compound ,0 a vacuum ' 
energy level. |„ one embodiment, the energy hole comprises 
'he ionization of an electron from one species .0 a vacuum 
energy level whereby the ionization energy of the electron 
donating species equals approximately ,nX2r2\ cV where m ,s 
Si* iiiicgcr. 

Titanium is one of the catalysts (elcctrocaialytk ion) that 
can cause resonant shrinkage because the third ionization 
energy is 21.,9eV, r..i,u Eq. (3). Thus, the shrinkage cascade 
tot the pth cycle is represented by 



27.491 eV+Ti 



And. the overall reaction is 



+27.491 eV 



(51) 
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Rubidium is also a catalyst (clectrocatalytic ion). The 
second ionization energy is 27.28 V. 



(52) 



(53) 



a 



n 



ip+i) 



+ ((/>+ I)- -/7']A'13.6fV 

(54) 
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Rh^' + <?■ -) Rb' +27.28 eV 
And. the overall reaction is 

a„ 1 

— |-> // 



(55) 



r['ipiT)r^^'- - .V (56) 

Other single electron transfer reactions to provide 
energy holes of approximately wX27.2l eV where m is an 
integer appear in my previous U.S. Patent Applications 
entitled "Energy/Matter Conversion Methods and Structures- 
Serial No. 08/467.051 filed on June 6, 1995 which is a 
continuation-in-part application of Serial No. 08/416 040 filed 
on Apr.1 3. 1995 which is a continuation-in-part application of 
Serial No. 08/107,357 filed on August 16. 1993. which is a 
continuation-in-part application of Serial No. 08/075 102 (Dkt 
99437) filed on June U. 1993. which is a con.inuation-in-part 
application of Serial No. 07/626.496 filed on December 
12.1990 which is a continuation-in-par. application of Serial 
No. 07/345.628 filed April 28. 1989 which is a continuation- 
in-part apphcation of Serial No. 07/341.733 filed April 21, 
1989. which are incorporated herein by reference. 

2 0 MuLtj plc li lcclmn Tr«ncf>.r 

An energy hole is provided by the transfer of muhipic 
electrons between participating species including aioms. ions, 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of i 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron 
acceptor species equals approximately mX27.2] eV where m 
3 0 and i arc integers. 

An energy hole is provided by the transfer of multiple 
electrons between participating species including atoms, ions, 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of t 
electrons from one species to another whereby the t 
consecutive electron affinities and/or ionization energ.es of 
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the eleciron donacing species minus the i consecutive 
ionization energies and/or electron affinities of the cleciron 
acceptor equals approximately mX21.2\eV where m and i are 
integers. 

In a preferred embodiment the eicciron acceptor species 
IS an oxide such as MnO,. A10„ SiO,. A preferred molecular 
electron acceptor is oxygen, 

Two Electron Transf er (One .'^ ppri^c) 

In an embodiment, a catalytic system that provides an 
energy hole hinges on the ionization of two electrons from an 
atom. ion. or molecule to a vacuum energy level such that the 
sum of two ionization energies is approximately 27.21 rV. Zinc 
is one of the catalysts (clectrocatalyiic atom) thai can cause 
resonant shrinkage because the sum of the first and second 
ionization energies is 27.358 cK. = i i„ E<j. (3). Tims, the 
shrinkage cascade for the p th cycle is represented by 

+ l(.P^ iy -p^]Xl3.6eV 

(57) 

(58) 



[(P + l), 



IP i 

Zri'* + 2^" -4 2m + 27.358 eV 
And. the overall reaction is 







->// 






. P . 




iP + 1) 



(59) 



Two El eciron Transfer (Two Specipn;) 

In another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ion. or molecule to another atom or molecule such that 
the sum of two ionization energies minus the sum of two 
electron affinities of the participating atoms, ions, and/or 
molecules is approximately 27.21 eV. A catalytic system thai 
hinges on the transfer of two electrons from an atom lo a 
molecule involves palladium and oxygen. For example, the 
first and second ionizaiion energies of palladium are 8.34 eV 
and 19.43 ^.V. respectively. And. the first and second electron 
affiniiies of the oxygen molecule are 0.45 and o.HeV 
respectively. The energy hole resulting from a two electron 
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transfer is appropriate for resonant absorption. The 
combination of Pd to and 0, to Ol\ then, has a nci energy 
change of 27.2 i^V. 



27.2J eV + />J + 0, + //M ^P^'^ ^Ol" \ H 



n 



And, the overall reaction is 



(60) 

W + + + 27.2UV^ (61) 



1 0 Additional atoms, molecules, or compounds which could be 
substituted for are those with first and second electron 
affinities of approximately 0.45 and O.M eV, respectively, 
such as a mixed oxide (MnO^, AlO,. SiOJ containing O to form 
O^" or Oj to form Oj', 

1 5 

Two_ J_lectron Transfer (Two 5?pp qj(><: ) 

In another embodiment, a catalytic sysiem thai provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ion. or molecule to another atom, ion, or molecule such 

2 0 that the sum of two ionization energies minus the sum of one 

ionization energy and one electron affinity of the parucipating 
atoms, ions, and/or molecules is approximate]) 27.21 rV. A 
catalytic system that hinges on the transfer of two electrons 
from an atom to an ion involves xenon and lithium. For 

2 5 example, the first and second ionization energies of xenon are 

J2.l3tfV and 21.21 ^V, respectively. And, the first ionization 
energy and the first electron affinity of lithium are 5.39 f-V and 
0.62 rV, respectively. The energy hole resulting from a two 
electron transfer is appropriate for resonant absorption. The 

3 0 combination of Xc to Xe^* and to Li\ then, has a net energy 

change of 27.33 

27.33 eV^Xc^W + + + iftT)]^ '^''"^ ~ p']XU.6 eV 



(63) 
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I 0 



J 5 



2 0 



Xe'- + U- -^Xe+ Li- + 27.33 cV 
And. ilic overall rcaciion is 



+ I(p + J)'-//];»ri3.6ei' 



(64) 



(65) 



Two FIrclron Tranc fer (Two 5;p ^^ipc) 

In another embodiment, a ca.alytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
atom, ,on. or molecule to another atom. ion. or molecule such 
that the sum of two ionization energies minus the sum of two 
lomzation energies of the participating atoms and/or 
molecules is approximately 27.21 eV. A catalytic system that 
hinges on the transfer of two electrons from a first ion to a 
second ion involves silver( Ag) and silver (Ag^'), For 
example, the second and third ionization energies of sjlvcr arc 
21.49 .V^ and 34.83 .V. respectively. And. the second and Hrst 
ionization energies of silver arc 2\.A<>cV and 758 
respectively. The energy hole resulting from a two' electron 
transfer is appropriate for resonant absorption The 
combination of As to Ag^' and Ag'' to Ag, then, has a net 
energy change of 27.25 <rV. 



27.25 . A,- . , //[^ j. ,<^. „^ ~ /]X,3.6 cV 



25 
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^g'' ^Ag-^ Ag' + i4g' + 27.25 eV 

And. the overall reaction is 



(66) 
(67) 

(68) 



.Three Rlertron Trancf pr fTwn Sp ^^;^.) 

In another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of three electrons from 
an .on to another .on such tha, the sum of the electron affinity 
and ,wo ionization energies of the first ,on minus the sum of 
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Ihrcc .onizaiion energies of .hc second ,on .s approximately 
2/ 21 rV. A caialytic system that hmgcs on the transfer of 
three electrons from an ion to a second ion involves U' a„d 
C>'-. For example, the electron affinity, first ionizniion energy 
and second ionization energy of lithium arc 0.62 a^ 5.392 ^ 
and 75.638 fV, respectively. And. the third, second, and first 
lomzanon energies of Cr" are 30.96^V. I6.50.V. and 6 766 .V 
respectively. The energy hole resulting from a three electron 
transfer is appropriaie for resonant absorption The 
combination of W to and Cr'- ,o Cr, then, has a net 
energy change of 27.42 fV. 

27.42 eV .^ W + Q'' + liUA-^ + Cr 



+ H 



a 

m 



(69) 



^ ^ + C'- -» U- + Cr- + 27.42 eV ( 70) 

And, the overall reaction is 



(71) 



Three 1 
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In anothe, embodiment, a catalytic system that provides 
«n energy hoic hmgcs on the transfer of three electrons from 
an atom. ion. or molecule 10 another atom. ion. or molecule 
such that the sum of three consecutive ionization energies of 
the electron donating species minus the sum of three 
consecutive ionization energies of the electron accepting 
species is approximately 27.2UV. A catalytic system that 
hinges on the transfer of three electrons from an atom to an 
•on involves Ag and Ce^'. For example, the first, second, and 
third ionization energies of silver are 7.58 eV. 21.49 fV. and 
34.83 ^V. fespcciivcly. And. ibe third, second, and firit 
ionization energies of Ce" are 20.20 eV. \ 0.Z5cV. and 5 47^1/ 
respectively. The energy hole resulting from a three electron 
transfer is appropriate for resonant absorption The 
combination of Ag to Ag"- and C." to Ce. then, has a net 
3 5 energy change of 27.38 <>V. 



30 
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1 5 



20 



27.3S eV + Ag + Ce'- ^ N 



P 



4—1 



+ Ce -»/l^ + Cr' + 27.38 
5 And. the overall reaction is 



L/'J [(/'+») 



ADDmONAI TAT/St YTIC E^fFR^V <TP"^ fPr7 

1 0 Sinstc FJf ctron Tfan ;?f*>r 

In a further cmbodimeni. an energy hole of energy 
equal to the total energy released for a below "ground state" 
electronic transition of the hydrogen atom is provided by the 
transfer of an electron bc.wecn participating species including 
atoms, .ons. molecules, and .onic and molecular compounds In 
one embodiment, the energy hole comprises the transfer of an 
electron from one s})ccies .o another species whereby the sum 
of the .omzation energy of the electron donating species mmus 
Ihe .on.zat.on energy or electron affinity of the electron 

accepting species equals approximately ^27.21^.1/; where m is 

2 

an inicgcr. 

For «,=:3 corresponding to the « = l to /, = l/2 transition 
an eff.ccm catalytic system that hmgcs on the coupling of 
^ three resonator cavities involves arsenic and calcium. For 
-5 example, the third ionization energy of calcium is 50 908 ^V/ 

This energy hole is obviously too high for resonant absorption 
However, As releases 9.81 tV when ii is reduced to As The 
combination of Ca^' ,o and As' to As, then, has a net 
energy change of 4t.l eV . 



AnCn- +C<»'* +41.1 eV 



(75) 
(76) 
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And, ibe overall reaction is 



LP} [(P + I). 



(77) 



Multiple Electron Transfer 
5 An energy hole is provided by the transfer of multiple 

electrons between parlicipaiing species including atoms, ions, 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the iransfer of i 
electrons from one or more species lo one or more species 
10 whereby the sum of ihe ionization energies and/or electron 

affinities of the electron donating species minus the sum of the 
ionization energies and/or eleciron affinities of the electron 
acceptor species equals approximately —27.21 eV where m and 
t arc integers. 



J 5 



CATALYTIC ENIERGY HQLR S-nRUCniRRS F QR MOl FPI 11 



Single Ele ctron Excited State 

An energy hole is provided by the transition of an 
2 0 eleciron of a species to an excited state species including 

a^GiTiS, ioris, moieciifci. and ionic and moiccuiar compounds, in 
one embodiment^ the energy hole comprises ihc excited state 
transition of an eleciron of one species whereby the transition 
energy of the accepting species is mp^X42,6eV where m and p 

2 5 are integers. 

Sinple Electron Transfer 

An energy hole is provided by the transfer of an 
electron between participating species including atoms, ions, 

3 0 molecules, and ionic and molecular compounds. In one 

embodiment, the energy hole comprises the transfer of an 
electron from one species to another species wher£by the sum 
of the ionization energy of the electron donating species minus 
the ionization energy or electron affinity of the electron 
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accepting species equals approximately inp^X4S.6eV where ni 
and p arc inicgcrs. 

Sinole Electron Tr;in<:f cr (Two SpccieO 
5 An efficient catalytic system that hinges on the coupling 

of three resonator cavities involves iron and lithium. For 
example, the fourth ionization energy of iron is 5i.&eV. This 
energy hole is obviously too high for resonant absorption. 
However* Zi* releases 5.392 when it is reduced to U\ The 
10 combination of Fe'* to Fe'* and tr to Li ^ then, has a net 
energy change of 49.4 eV, 



49.4 eV Fe'* + ir + H,\2c = ^^2a^]-^ Fe'^ + U + H'^c = ^ 



+ 95.7 eV 



(78) 

1 5 And. the overall reaction is * 

//42c^= V2\j -> //,|2r = j + 95.7 cV (gO) 

Note that the energy given off as the molecule shrinks is much 
greater than the energy lost to the energy hole. And, the 
energy released is large compared lo conventional chemical 

2 0 reactions- 

An cffic;en; caiaiytic sysioTi thai hinges on the coupling 
of three resonator cavities involves scandium. For example, 
the fourth ionization energy of scandium is 73.47 ^V, This 
energy hole is obviously loo high for resonant absorption. 
2 5 However, 5c** releases 24.76 rl' when it is reduced to Sc^\ The 
combination of 5c'* to Sc'* and Sc'* to Sc'\ then, has a net 
energy change of 48.7 ^V. 

48. 7 eV + Sc'* + 5r'* -f H,[2c = V2<i..| -> Sc" 4 5r ^ + h;^2c - ^ J+ 95. 7 eV 

(81) 

5 0 5<r'*+5c** -*5r' +Sr'- +48. 7 el' (82) 

And, the overall reaction is 

//42c' = ^f2a^]^ H;^2c - ^9SJeV (83) 
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2 0 



An cfficicni catalytic system that hinges on the coupling 
of three resonator cavities involves yiirium. For example, the 
fourth loniiation energy of gallium is 64.00 cV. This energy 
hole ,s obv.ously too high for resonant absorption. However. 
Ph^' releases 15.03 when it is reduced to py. Jhe 
combination of Ga'* to Ga*' and />i" to Pb' , then, has a net 
energy change of 48.97 «rV. 

48.97 eV f Go'' + Pb'' + Hpc = V2c.,J-> Ga'^ + Fb' 

+ '/;[2c = ^|+95.7^K 



30 



Ga ' + Pb' ~> Ca^' + Pb" + 48.97 eV 
And, the overall reaction is 



(84) 
(85) 



+ 95.7cV 



(86) 



An energy hole is provided by the ionization of an 
electron from a participating species including an atom, an ion. 
a molecule, and an ionic or molecular compound to a vacuum 
energy level. In one embodiment, the energy hole comprises 
Ihc ionization of an election from one species to a vacuum 
cncigy icvei whereby the ionization energy of the electron 
donat.no species equals approximately mp'X4B.6t!V where m 
and p arc integers. 

2 5 Multiple pi ectron Trai^^ f^r 

An energy hole is provided by the transfer of multiple 
electrons between participating species including atoms, ions, 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of t 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electroi affinities of the electron 
acceptor species equals approximately V^48.6<.V where m. p. 
3 5 and i are integers. 
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An energy hole is provided by ihc Jransfcr of muliiple 
elecirons bc.wcen pariicipaiing species including a.oms. ions. 
molecuJes. and ionic and molecular compounds. In one 
embodiment, ihe energy hole comprises Uie iransfer of i 
•) electrons from one species to another whereby the i 

consecutive electron affinities and/or ionization energies of 
the electron donating species minus the i consecutive 
ionization energies and/or electron affinities of the electron 
acceptor equals approximately mp'X4S.6 eV where m, p, and t 
1 0 are integers. 

In a preferred embodiment the electron acceptor species 
IS an oxide such as MnO„ A!0„ SiO^. A preferred molecular 
electron acceptor is oxygen. <?,. 

' 5 Two Electron Tran^ifpr (One .Sp >>r;^c) 

In an embodiment, a catalytic system that provides an 
energy hole hinges on the ionization of two electrons from an 
atom. ion. or molecule to a vacuum energy level such that the 
sum of two ionization energies is approximately m,,'XAt6eV 

2 0 where m. and p are integers. 

Two Flrnrnp Tran5:fer (Two S pcri^fj ) 

5» another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
2:> atom. ion. or molecule to another atom or molecule such that 
»he sum of two ionization energies minus the sum of two 
electron affinities of the participating atoms, ions, and/or 
molecules is approximately mp'X4i.6fV where m and p are 
integers. 



30 
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TwQ Electron Transfer (Two .S perip^) 

In another embodiment, a catalytic system thai provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ion. or molecule to another atom. ion. or molecule such ' 
ihat the sum of two ionization e ergics minus ihe sum of one 
.onizacion energy and one electron affinity of the panicipaiins 
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atoms, ions, and/or molecules is approximately mp'X4H.c,eV 
where m and p arc inlcgcrs. 

Qlh cr {£ner f >v 

In anoihcr embodimem. energy holes, each of 
approximately mX67.ZeV given by Eq. (30) 

-rnXV, = ~mX I?£L_ in^^l^SIZ 



10 



1 5 



20 



= mX67.SneV 

are provided by electron transfer reactions of reactants 
including electrochemical rcactani(s) (electrocatalyiic ion(s) or 
couplc(s)) which cause heat to be released from hydrogen 
molecules as their electrons are stimulated to relax to 
quantized potential energy levels below that of Uic "ground 
state". The energy removed by an electron transfer reaction 
energy hole, is resonant with the hydrogen energy released to 
stimulate this transition. The source of hydrogen molecules is 
(he production on the surface of a cathode during electrolysis 
of water ,n the case of an electrolytic energy reactor and 
hydrogen gas or a hydride in the case of a pressurized gas 
energy reactor or gas discharge energy reactor 

An energy hole is provided by the transfer of one or 
more electrons between participating species including atoms 
tons, molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of i 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 
affiniites of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron 
acceptor species equals approximately „,X61.8cV where m and 
3 0 t arc integers. 

An efficient catalytic system thai hinges on the coupling 
of three resonator cavities involves magnesium and strontium 
For example, the third ionization energy of magnesium is 
80.143.1/. This energy hole is obviously too high for resonant 
J 5 absorption. However. J," releases 1 1.03 .V when it is reduced 



(87) 
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lo Sr\ The coinbinahon of Mg'' \o Mg' and AV'' lo Sr\ ihcii. 
has a net energy change of 69JrV. 



69. 1 eV^r Mg'' + Sr'' f //,[2r = -flaj^^ Mg ' 4 Sr' 



^ . V2« 

2 c r:: ^ 

2 



+ 95.7 



And, the overall reaction is 



(88) 
(89) 



//42c:=^/2dJ-.//: 



2r = 



+ 95.7 eV 



(90) 



30 



Another effidenl catalytic system that hinges on the 
coupling of three resonator cavities involves magnesium and 
calcium. In this case, C^^* releases 11.871 when it is reduced 
10 Ca\ The combination of Mg'* to Mg'' and Cn'^ to Ca\ then, 
has a net energy change of 68.2 fK. 

68.2 eV + Mg'' + Ca'' + //,|2r = V2r/,]--> W^? ' + C/i' 



+ //; 



2c*- 



f 95.7 ^1/ 



Mg'' + Cfl^ -) A^;5^* \ Co ' 68.2 
And. the overall reaciion is 



(91) 
(92) 



//,(2c-V2flJ->//: 



2r = - 



yl'ia 



+ 95.7 eV 



In four other embodiments wherein the theory is given 
Jn my previous U. S. patent application. Serial No. 08/107,357 
filed on August 16. 1993 which is incorporated herein by this 
reference, energy holes, each of approximately: 
nXEj eV with zero order vibration where Ej is given by Eq. (38); 

mA3l.94rV where 31.94 is given by Eq. (222) of the U. 
S. patent application Serial No. 08/107.357 where n and m are 
integers. 



£o = £(2//|flJ)~£, 



^ --f^ = -27.21 4 31.94 =4. 73^-^/ 



(222) 



and 



95.7 ^'V (corresponding to m = l in Eq. (43) with zero order 
vibration which is given by the difference in - - ^ of 
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l:q.s. (2.54) and (222) of Ihc U. S. pa.cnl apphcation Serial No 
08/J07.357)) 

£^ = A(2//[^])-t,^^^^^_ --^ = -»08.8+ 12766 = IS.86.l/ (254) 
are provided by cicciron transfer rcaction.s of rcactanis 
including electrochemical reac«ant(s) (elecirocaialyiic ion(.s) or 
couplc{s)) which cause heat to be released from hydroijen 
molecules as their electrons arc stimulated to relax to 
quantized potential energy levels below that of the "ground 
state". The energy removed by an electron transfer reaction, 
energy hole, is resonant with the hydrogen energy released to 
stimulate this transition. The source of hydrogen molecules is 
the production on the surface of a cathode during electrolysis 
of water in the case of an electrolytic energy reactor and 
hydrogen gas or a hydride in the case of a pressurized ga.s 
1 5 energy reactor or gas discharge energy reactor. 

An energy hole is provided by the transfer of one or 
more electrons between participating species including atoms, 
ions, molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of i 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 

— „w.,u,.„^ aj/cujc5 minus me sum ol the 

ionization energies and/or electron affinities of the electron 
acceptor species equals approximately mX3l.94 eV (Eq. (222)) 
2 5 where m and t are integers. 

An energy hole is provided by the transfer of one or 
more electrons between participating species including atoms, 
ions, molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of t 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 
affinities of the electron donating .species minus the sum of the 
ionization energies and/or electron affinities of the electron 
acceptor species equals approximately mX95.7 eV where m and 
3 5 I arc inlcgcrs. 
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ENERGY REACTnu 

An energy reacio, 50. ,„ accordance wich ihe invention 
IS shown in FIGURH 5 and comprises a vessel 52 which 
con.ains an energy rcaciion mixiure 54. a heat exchanger 60 
and sieam gciicralor 62. The hcai cxchani?cr 60 absorbs 
heat released by ihc shrinkage rcaciion, when .he reaction 
mixture, comprised of shrinkable material, shrinks The heat 
exchanger exchanges heat with the steam generator 62 which 
absorbs hcai from the exchanger 60 and produces sicam The 
energy reactor 50 further comprises a turbine 70 which 
receives steam from the steam generator 62 and supplies 
mechanical power to a power generator 80 which converts the 
steam energy into etccirical energy, which can be received by 
3 load 90 to produce work or. for dissipation. 

The energy reaction mixture 54 comprises an energy 
releasing material 56 including a source of hydrogen isotope 
atoms or a source of molecular hydrogen isotope, and a source 
of energy holes 58 wh.ch resonantly remove approximately 
mX27.2\eV to cause atomic hydrogen "shrinkage" and 
approximately mX4B.6 cV to cause molecular hydrogen 
•shr.nkasc- where m is an integer wherein the shrinka^-e 
reaction occurs by contact of the hydrogen w.th the source of 

cnersy holes. The ?h rtnXtikon r/»^r^»iA>»» r'/>io.^.^^^ u^^. • 

shrunken atoms and/or molecules. 

The source of hydrogen can be hydrogen gas. 
dissociation of water including thermal dissociation, 
electrolysis of water, hydrogen from hydrides, or hydrogen 
from metal-hydrogen solutions. In all embodiments, the 
source of energy holes can be one or more of an 
electrochemical, chemical, photochemical, thermal, free radical 
sonic, or nuclear rcaction(s) or inelastic photon or panicle 
scattering reaction(s). In the latter two cases, the present 
invention of an energy reactor comprises a panicle source 75b 
and/or photon source 75a to supply the said energy holes. In 
these cases, the energy hole corresponds to stimulated 
emission by the photon or particle. In preferred embodiments 
of the pressurized gas energy and gas discharge reactors 
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Shown II. FIGURES 7 and 8. rcspcciively. a phoJon source 75a 
dissociates hydiogcn molecules lo hydrogen atoms. The 
photon source prtKlucing photons of at least one eiicrov of 
approximaiely mXllMeV^ 'JLx2r2\e\\ or AO.^ eV causes 

5 sliimilaicd cmi.ssion of energy a.^ ihc hydrogeri atoms undergo 
Ihc shrinkage reaction. In another preferred embodiment, a 
photon source 75a producing photons of at least one energy of 
approximately mX48.6fV. 95.1 eV, or mX^l94 eV causes 
stimulated emission of energy as the hydrogen molecules 
10 undergo the shrinkage reaction. In all reaction mixtures, a 
selected external energy device 75. such as an electrode may 
be used to supply an electrostatic potential or a current 
(magnetic field) to decrease ihc aclivaiion energy of the 
resonant absorption of an energy bole. In another 

1 5 embodiment, the mixture 54. further comprises a surface or 
material lo dissociate and/or absorb atoms and/or molecules 
of the energy releasing material 56. Such surfaces or 
rnatcriah to dissociate and/or absorb hydrogen, deuterium, or 
tritium comprise an element, compound, alloy, or mixture of 

2 0 transition elements and inner transition elements, iron, 
platinum, palladium, /.irconium. vanadium, nickel, titanium. Sc. 
Cr. Mn, Co, Cu. Zn, Y. Nb. Mo. Tc. Ru, Rh. Ag, Cd. La, Hf. Ta. W. 
Re, Os. Ir. Au. Hg. Ce, Pr, Nd, Pm. Sm. Eu. (3d, Tb. Dy, Ho, Er. Tm. 
Vb, Lu. Th, Pa, U, activated charcoal (carbon), and inlercalaied 
Cs carbon (graphite). In a preferred embodiment, a source of 

energy holes lo shrink hydrogen atoms comprises a catalytic 
energy hole material 58, typically comprising electrocaialytic 
ions and couples that provide an energy hole of approximately 
mX21.2\eV plus or minus \eV, In a preferred embodiment, a 

3 0 source of energy holes to shrink hydrogen molecules 

comprises a catalytic energy hole material 58. typically 
comprising electrocaialytic ions and couple(s) including those 
that provide an energy hole of approximately mX4S.6eV plus 
or minus 5 eV. The electrocaialytic ions and couple(s) include 
3 5 the electrocaialytic ions and couples described in my previous 
U.S. Patent Applications entitled ^Energy/Mailer Conversion 
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Methods and Siruc.urcs". Senal No. 08/467.051 f.lcd on June 
6. 1995 wh.ch ,s a corninuauon-in-pan appiicanon of Serial 

No. 08/416.040 filed on April 3 1995 which ^« . 

y J. ijjj wnica IS a conunuation- 

m-pan apphcaiion of Serial No. 08/107.357 filed o« Augasi 
> K). 1993. which is a conunuation-in-par. applicaiion of Ser.a' 
No. 08/075.102 (Dk, 99437) filed on June 11. 1993. which .s'a 
con.inuauon-in-par( applicaiion of Serial No. 07/626 496 filed 
on December 12,1990 which is a co„,inuaiion-,r,-pan 
application of Serial No. 07/345.628 filed April 28. 1989 
• which is a coniinuation-in-paf. applicaiion of Serial No 
07/341.733 filed April 21. 1989. which are incorporated 
herein by reference. 

A furlhcr cmbodimeni is the vessel 52 coniainino a 
source of energy holes including an clccirocaialyfic loi^or 
coiiple(s) (source of energy holes) in the molten, hquid 
gaseoos. or solid staic and a source of hydrogen including 
hydrides and ga.;eous hydrogen. In the case of a reactor 
which shrinks hydrogen atoms, the embodiment further 
comprises a means to dissociate the molecular hydrogen into 
atomic hydrogen including an elcmeni. compound, alloy or 
inixture of transition elements, inner iransn.on elements. „on 
platinum, palladium, zirconium, vanadium, nickel, titanium Sc 
Cr. Mn. Co. Cu. Z... Y. Nb. Mo. Tc. Ru. Rh. a=. Cd. La. Hf Ta W 
Re. Os. Ir. A«. Hg. Ce. Pr. Nd. Pm. Sm. Eu. Gd. Tb. Dy. Ho. lir Tm 
Vb. Lu. Th. Pa. U. activated charcoal (carbon), and intercalated 
Cs carbon (graphite) or elcciromagnciic radia.ion including UV 
light provided by photon source 75. 

The present invention of an electrolytic cell energy 
reactor, pressurized gas energy reactor, and a gas discharge 
energy reactor, comprises: a source of hydrogen; one of a solid 
■noltcn. l.qu.d. and gaseous source of energy holes, a vessel 
coniaining hydrogen and the source of energy holes wherein 
•he shrinkage reaction occurs by contact of the hydrogen w„h 
«he source of energy holes, and a means for removing the 
(molecular) lower-cnergy hydrogen so as to prevent an 
cxo,hermic shrinkage reaction from coming to equilibrium, 
ihe present energy invention ,s further described in my 
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previous U.S. PaicnJ Applications entiiied r-ncrgy/Miuicr 
Conversion Mcthotls and Siruciurcs". Serial No, 08/467.051 
filed on June 6. 1995 which js a coniinuaiion-in-part 
application of Serial No. 08/416.040 filed on April 3. 1995 
5 which is a coniinuaiion-in-parl application of Serial No. 

08/107.357 filed on August 16. 1993, which is a continuation- 
in-part application of Serial No. 08/075.102 (Dki. 99437) filed 
on June 11. 1993. which is a coniinuaiion-in-part application 
of Serial No. 07/626.496 filed on December 12.1990 which is a 
1 0 continuation-in-part application of Serial No. 07/345.628 filed 
April 28. 1989 which is a continuation-in-part application of 
Serial No. 07/341,733 filed April 21, 1989, and my 
publications. Mills. R.. Kncizys. S.. Fusion Technology. 210. 
(1991). pp. 65-81; Mills, R.. Good. W.. Shaubach, R.. "Dihydnno 
15 Molecule Idcntificaiion". Fusion Technology. 25. 103 (1994); 
Mills. R.. Good, W., "Fractional Quantum f£nergy Levels of 
Hydrogen". Fusion Technology. Vol. 28. No. 4. November. 
(1995). pp. 1697-1719 which are incorporated herein by 
reference. 

20 

Elect rolytic Enerp v Rpartnr 

An electrolytic energy reactor is described in my 

previoii? 11. S na«#>nt snnltroii 

* J |... . .... «^ ..^ w«i»i.*v,v» ^jr / ivmtici 

Conversion Methods and Smiciurcs". Serial No. 08/467,05] 

2 5 filed on June 6. 1995 which is a cominuaiion in pan 

application of Serial No. 08/416.040 filed on April 3, 1995 
which is a coniinuation-in-parl applicaiion of Serial No. 
08/107,357 filed on August 16, 1993. which is a conlinuaiion- 
in parl application of Serial No. 08/075 J 02 (Dki. 99437) filed 

3 0 on June 11, 1993. which is a conrinuaiion in-pari application 

of Serial No. 07/626.496 filed on December I2J990 which is a 
cominuaiion in-pan application of Serial No. 07/345.628 filed 
April 28. 1989 which is a coniinuaiion in pan application of 
Serial No. 07/341.733 filed April 21. 1989 which are 
3 5 incorporated herein by reference. A preferred embodiment of 
the energy reactor of the present invention comprises an 
eleccrolyiic cell forming the reaction vessel 52 of FIGURE 5 
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'"cImJmo a moi.en clec,roly<ic cell. The clcc,roJv.,c ceil |()0 i. 
^how„ ge„era,,yi„FIGURE6. An elec.nc currcn. ,s passec, 
through ,he clccuolyuc solution 102 having a elccroca.alvuc 
.ons or couples provid.ng energy holes equnl ,o U.c resonance 
> shrinkage energy (including .he elccroca.aly.ic ions and 
couples described ,n my previous U.S. Pa.en, Appl.cauons 
mcorporaled herein by reference) by the applicauon of a 
voiiage lo an anode 104 and cathode 106 by ,he power 
controller 108 powered by the power supply no. Ultrasonic 

7n. . '"'^ '"'P^"^^ 'h*^ cathode 

106 and electrolytic solution J02 by vibrating means 112 

Heat can be supplied lo the electrolytic solution 102 by heater 
"14. The pressure of the electrolytic cell 100 can be 
controlled by pressure regulator means 116 where the cell can 
:> be closed. The reactor further comprises a means 101 .ha. 
rcinoves the (molecular) lower-energy hydrogen such as a 
selective venting valve ,o preven. the exothermic shrinkage 
rcac.ion from coming to equilibrium. 

In a preferred cmbodimcn., .he elec.roly.ic cell is 
opera.ed a, zero vol.age gap by applying an overpressure of 
hydrogen with hydrogen source 121 where the overpressure 
can be controlled by pressure control means 122 and J 16 
Wa.er can be reduced to hydrogen and bvdro,.H. „ ' 
cathode 106. and the hydrogen can be oxidued ,o protons at 
.he anode 104. An embodiment of .be elecrolyuc cell energv 
reactor, comprises a reverse fuel cell geometry which remov;. 
«he lower-energy hydrogen under vacuum. A preferred 
ca.hode 106 of this embodiment has a modified gas diffusion 
layer and comprises a gas route means including a firs. Teflon 
membrane filter and a second carbon paper/Teflon membrane 
filter composi.e layer. A further embodiment comprises a 
reaction vessel .ha, can be closed excep, for a connec.ion .o a 
condensor 140 on .he top of .he vessel 100. The cell can be 
opera.ed a. a boil such .ha. .he s.eam evolving from .he 
boiling elec.roly.e 102 can be condensed in the condensor 140 
and ,hc condensed water can be re.urned to the vessel 100 
The lower-energy state hydrogen can be vented .hrough .he 
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lop of the condenser 140. In one embodimcnc. ilic tondcnsor 
contains a hydrogen/oxygen recombiner !45 chat conincis the 
evolving electrolytic gases. The hydrogen and oxygen are 
rccombincd, and the resulting water can be returned to the 
vessel 100. The heat released from the exothermjc reaction 
whereby the electrons of the electrolytically produced 
hydrogen atoms (molecules) arc induced lo undergo 
transitions lo energy levels below the "ground stale" and the • 
heat released due to the recombination of the electrolytically 
generated normal hydrogen and oxygen can be removed by a 
heat exchanger 60 of FIGURE 5 which can be connected to the 
condensor 140. 

In vacuum, in the absence of external fields, the energy 
hole to stimulate a hydrogen atom (molecule) to undergo a 
15 shrinkage transition is mXn.2\eV (.mXA&.beV) where m is an 
integer. This resonance shrinkage energy can be altered when 
Ihe atom (molecule) is in a media different from vacuum. An 
example is a hydrogen atom (molecule) absorbed to the 
cathode 106 present in the aqueous electrolytic solution 102 
having an applied electric field and an intrinsic or applied 
magnetic field provided by external magnetic field generator 
75. Under these conditions the energy hole required can be 

si'gh'ly 'J'f.feren! from .•?!.Y27.2? «• !' (."•Y4» -»'^ 

of energy holes including clectrocatalytic ion and couple 

2 5 reacianis can be selected which has a redox (electron transfer) 

energy resonant with the resonance shrinkage energy when 
operating under these conditions. In the case where a nickel 
cathode 106 is used to clectrolyze an aqueous solution 102 
where the cell is operating within a voltage range of 1.4 to 5 

3 0 vohs. the K+/K+ and Rb+ (Fe3+/Li* and Sc3*/Sc3+) 

clectrocatalytic ions and couples arc preferred embodiments 
to shrink hydrogen atoms (molecules). 

The cathode provides hydrogen atoms (molecules), and 
«hc shrinkage reaction occurs ai the surface of the cathode 
where hydrogen atoms (molecules) and the source of energy 
holes (clectrocatalytic ion or couple) arc in contact. Thus. The 
shrinkage reaction can be dependent on the surface area of 
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Ihe cathode. For a consiani currcnl density, giving a consiani 
conccmration of hydrogen aioms (molecules) per unit area, an 
increase in surface area increases ihe rcacianis available lo 
undergo the shrinkage reaction. Also, an increase in cathode 
5 surface area decreases the resistance of the electrolytic cell 
which improves the electrolysis efficiency. A preferred 
cathode of the electrolytic cell including a nickel cathode has 
the properties of a high surface area, a highly stressed and 
hardened surface such as a cold draun or cold worked surface. 
10 and a large number of grain boundaries. 

In a preferred embodiment of the electrolytic cell 
energy reactor, the source of energy holes can be incorporated 
into the cathode, mechanically by methods including cold 
working the source of energy holes into the surface of the 
cathode; thermally by methods including melting the source of 
energy boles into the surface of the cathode and evaporation 
of a solvent of a solution of the source of energy holes in 
contact with the surface of the cathode, and electrostatically 
by methods including electrolytic deposition, ion 
2 0 bombardment, and vacuum deposition. 

The shrinkage reaction rate can be dependent upon the 
composition of the cathode 106. Hydrogen aioms (molecules) 
arc rcaciants to produce encrsv via ihe «;hrink»o,' rR:,ri,^r. 
Thus, the cathode must efficiently provide a high 
conccniration of hydrogen atoms (molecules). The cathode 
106 can be comprised of any element, compound, alloy, or 
mixture of a conductor or semiconductor including transition 
elements and compounds, aciinide and lanthanide elements 
and compounds, and group IllB and IVB elements and 
compounds. Transition metals dissociate hydrogen gas into 
atoms to a more or lesser extent depending on the metal. 
Nickel and titanium readily dissociate hydrogen molecules and 
are preferred embodiments for shrinking hydrogen atoms. 
The cathode can alter the energy of the absorbed hydrogen 
3 5 atoms (molecules) and affect the energy of the shrinkage 

reaction. A cathode material can be selected which provides 
resonance between the energy hole and the resonance 
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shrinkage energy. In the case of the K+/K+ ciccirocatalvtic 
couple with carbonate as the coumcrion for caialvzins ihc 
shrinkage of hydrogen aloms, ihe relationship of ihc caihode 
material to the reaction rate can be: 
5 Pf < Pd « 77. Fe < Ni 

This can be ihe opposite order of the energy released 
when these materials absorb hydrogen atoms. Thus, for this 
clecirocatalyiic couple, the reaction rale can be increased by 
using a cathode which weakly absorbs the hydrogen atoms 
1 0 with little perturbation of their electronic energies. 

Also, coupling of resonator cavities and enhancement of 
the transfer of energy between them can be increased when 
the media is a nonlinear media such as a magnetized 
ferromagnetic media. Thus, a paramagnetic or ferromagnetic 

1 5 cathode, a nonlinear magnetized media, increases the reaction 

rale by increasing the coupling of the resonance shrinkage 
energy of the hydrogen atom and energy hole comprising an 
electrocaialytic ion or couple. Alternatively, a magnetic field 
can be applied with the magnetic field generator 75, Magnetic 

2 0 fields at the cathode alter the energy of absorbed hydrogen 

and concomiianily alter the resonance shrinkage energy. 
Magnetic fields also perturb the energy of the electrocaialytic 
re2c!!or.5 (energy hole) by ahcring thf energy !rveU of ih«* 
electrons involved in the reactions. The magnetic properties 

2 5 of the cathode are selected as well as the strength of the 

magnetic field which is applied by magnetic field generator 75 
to optimize shrinkage reaction rate-the power output. A 
preferred ferromagnetic cathode is nickel. 

A preferred method to clean the cathode of the 

3 0 electrolytic cell including a nickel cathode is to anodize the 

cathode in a basic electrolytic solution including approximately 
0.57 M X2CO3 (X is the alkali cation of the electrolyte including 
K"*^) and to immerse the cathode in a dilute solution of H2O2 
such as approximately 3% H2O2. In a further embodiment of 
3 5 the cleaning method, cyclic voliamctry with a second electrode 
of the same material as the first cathode is performed. The 
cathode can be then thoroughly rinsed wiih disiilled water. 
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Organic malcrial on the surface of the caihode inhibjis the 
caialyuc reaction whereby the electrons of the ciccirolytically 
produced hydrogen atoms (molecules) arc induced to undergo 
iransiiions lo energy Jevels below the "ground stale*. Cleaning 
5 by this method removes the organic maierial from the caihod^ 
surface and adds oxygen atoms onto ti\t cathode surface. 
Doping the metal surface, including a nickel surface, with 
oxygen atoms by anodizing the cathode and cleaning the 
cathode in H2O2 increases the power output by decreasing 
I 0 hydrogen recombination lo molecular hydrogen and by 
decreasing the bond energy between the metal and the 
hydrogen atoms (molecules) which conforms the resonance 
shrinkage energy of the absorbed hydrogen to the energy hole 
provided by the source of energy holes including the K+ZK^- 
1 5 (Sc^+/Sc^**) clecirocaialyiic couples. 

Different anode materials have different ovcrpoientials 
for the oxidation of water, which can affect ohmic losses. An 
anode of low overpoicntial will increase the efficiency. Nickel, 
platinum, and dimensionally stable anodes including platinized 
titanium arc preferred anodes. In the case of the K+/K + 
elecirocatalytic couple where carbonate is used as the 
counierion. nickel is a preferred anode. Nickel is also a 
preferred anorJe (nr in Kncir crkl»tt;rkor i»*;»k #. 

cathode. Nickel is inexpensive relative to platinum, and fresh 

2 5 njckcl can be electroplated onto the caihode during 

electrolysis. 

A preferred method to clean a dimensionally stable 
anode including a platinized titanium anode is to place the 
anode in approximately 3 M HCl for approximately 5 minutes 

3 0 and then to rinse it with distilled water 

In the case of hydrogen atom shrinkage, hydrogen atoms 
at the surface of the cathode 106 form hydrogen gas which 
can form bubbles on the surface of the cathode. These 
bubbles act as an boundary layer between the hydrogen 
3 5 atoms and the elecirocatalytic ion or couple. The boundary 
can be ameliorated by vibrating the cathode and/or the 
electrolytic solution 102 or by applying ultrasound wiih 
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vibrating means 112; and by adding wct.ing agcnis to ihc 
elcclroiyiic solution 102 to reduce the surface icnsion of the 
water and prevent bubble formaiion. The use of a cathode 
having a smooth surface or a wire cathode prevents gas 
5 adherence. And an intermittent current, provided by an on- 
off circuit of power controller J 08 provides periodic 
replenishing of hydrogen atoms which are dissipated by 
hydrogen gas formaiion followed by diffusion into the solution 
while preventing excessive hydrogen gas formation which 
1 0 could form a boundary layer. 

The shrinkage reaction can be temperature dependent. 
Most chemical reactions double their rates for each 10 "C rise 
in temperature. Increasing the temperature increases the 
collision rate between the hydrogen atoms (molecules) and the 
elcctrocalalytic ion or couple which will increase the shrinkage 
reaction rate. With large temperature excursions from room 
temperature, the kinetic energy distribution of the reactanis 
can be sufficiently altered to cause the energy hole and the 
resonance shrinkage energy lo conform to a more or lesser 
extent. The rate can be proportional to the extent of the 
conformation or resonance of these energies. The tempciaturc 
can be adjusted to optimize the shrinkage reaction rate-energy 
production rate. In the case of the K+/K+ -.J^rirrtraioK.r;^ 
couple, a preferred embodiment can be to run the reaction at a 
• cmperaturc above room temperature by applying heat w,ih 
heater 114. 

The shrinkage reaction can be dependent on the current 
density. An increase in current density can be equivalent, in 
some aspects, to an increase in temperature. The collision rate 
increases, and the energy of the rcactants increases with 
current density. Thus, the rate can be increased by incrcasin^. 
ihe collision rate of the reactants. however, the rate may be 
increased or decreased depending on the effect of the 
increased reactant energies on the conformation of the energy 
hole and the resonance shrinkage energy. Also, increased 
current dissipates more energy by ohmic heating and may 
cause hydrogen bubble formation, in ibe case of the shrinkage 



20 



. wo 96/42085 



rCTAiS96^07949 



48 

of hydrogen atoms. But, a hijjh flow of gas may dislodge 
bubbles which diminishes any hydrogen gas boundary layer. 
The ciirreni density can be adjusied iviih power controller 108 
to optimize the excess energy production. In a preferred 
5 embodiment, the current density can be in the range I to 
1000 milliamps per square centimeter. 

The pH of the aqueous electrolytic solution 102 can 
affect the shrinkage reaction rate. In the case that the 
electrocaialytic ion or couple is positively charged, an increase 
J 0 in the pH will reduce the concentration of hydronium at the 
negative cathode; thus, the concentration of the 
electrocaialytic ion or couple cations will increase. An increase 
in rcacianl concentration increases the reaction rate. In the 
case of the Rb^ or (Sc3+/Sc3^) ion or couple, a preferred 

1 5 pH can be basic {7.1-14). 

The counierion of the elccirocatalyiic ion or couple of the 
electrolytic solution 102 can affect the shrinkage reaction rate 
by altering the energy of the transition state. For example, the 
transition stale complex of the K+/K+ electrocatalytic couple 

2 0 with the hydrogen atom has a plus two charge and involves a 

three body collision which can be unfavorable. A negative two 
charged oxyanion can bind the two potassium ions; thus, it 
provides a neutral transition state comnlex of Imu^r ^r.^-^^,. 
who.se formaiion depends on a binary collision which can be 

2 5 greatly favored. The rate can be dependent on the separation 

distance of the potassium ions as pan of the complex with the 
oxyanion. The greater the separation distance, the less 
favorable can be the transfer of an electron between them. A 
close juxtaposition of the potassium ions will increase the rate. 

3 0 The relationship of the reaction rate to the counterion in the 

case where the couple is used can be : 

OiV < POl\ HFO; < JO; « CO; 
Thus, a planar negative two charged oxyanion including 
carbonate with at least two binding sites for K-^ which provides 
3 5 close juxiaposiiion of the ions can be preferred as the 

counierion of the K-^/K+ elccirocatalyiic couple. The carbonate 
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counierion can be also a preferred counierion for ihe Rb+ 
elcctrocaralytic ion. 

A power coniioller 108 comprising an inicrmiueni 
current, on-off. eJec!rolysis circuU will increase the excess hcai 
by providing opiimization of ihe electric field as a function of 
rime which provides maximum conformation of rcactant 
energies, provides an optimal concentration of hydrogen atoms 
(molecules) while minimizing ohmic and electrolysis power • 
losses and, in the case of the shrinkage of hydrogen atoms, 
minimizes the formation of a hydrogen gas boundary layer. 
The frequency, duty cycle, peak voltage, step waveform, peak 
current, and offset voltage are adjusted to achieve the optimal 
shrinkage reaction rate and shrinkage reaction power while 
minimizing ohmic and electrolysis power losses. In the case 

1 5 where the K^-ZK^ electrocaialytic couple can be used with 

carbonate as the counierion; nickel as the cathode; and 
platinum as Ihe anode, a preferred embodiment can be to use 
an intermittent square-wave having an offset voltage of 
approximately 1.4 volts to 2.2 volts; a peak voltage of 

2 0 approximately 1.5 volts to 3.75 volts; a peak current of 

approximately 1 mA to 100 mA per square centimeter of 
cathode surface area; approximately a 5%-90% duty cycle; and 
a freqnency ID the fAnge of ! Hz lo 1500 Hz. 

Further energy can be released by repeating the 

2 5 shrinkage reaction. The atoms (molecules) which have 

undergone shrinkage diffuse into the cathode lattice. A 
cathode 106 can be used which will facihiaics multiple 
shrinkage reactions of hydrogen atoms (molecules). One 
embodiment is to use a cathode which can be fissured and 

3 0 porous to the electrocaialytic ion or couple such that it can 

contact shrunken atoms (molecules) which have diffused into 
a lattice, including a metal lattice. A further embodiment is to 
use a cathode of aliernaiing layers of a material which 
provides hydrogen atoms (molecules) during electrolysis 
3 5 including a transition metal and an clcctrocatalyiic ion or 
couple such that shrunken hydrogen atoms (molecules) 
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periodically or rcpcniivcly diffuse into coniact wiib ihe 
clectroca«aIyiic ion or couple. 

TIjc shrinkage reaction can be dependent on the 
dielectric constant of the media. The dielectric constant of the 
media alters the electric field at the cathode and 
concomitant )y alters the energy of the rcactanis. Solvents of 
different dielectric constants have different solvation energies, 
and the dielectric constant of the solvent can also lower the 
overpoicniial for electrolysis and improve electrolysis 
efficiency. A solvent, including water, can be selected for the 
electrolytic solution 102 which optimizes the conformation of 
the energy hole and resonance shrinkage energy and 
maximizes the efficiency of electrolysis. 

The solubility of hydrogen in the reaction solution can be 
directly proportional to the pressure of hydrogen above the 
solution. Increasing the pressure increases the concentration 
of reaciani hydrogen atoms (molecules) at the cathode 106 
and thereby increases the rate. But. in the case of the 
shrinkage of hydrogen atoms this also favors the development 
of a hydrogen gas boundary layer. The hydrogen pressure can 
be controlled by prcs.sure regulator means 116 to optimize the 
shrinkage reaction race. 

In a preferred embodiment, the caihorl*. inA 
electrolytic cell comprises the catalytic material including a 
hydrogen spillover catalyst described in the Pressurized Gas 
Energy Reactor Section below. In another embodiment, the 
cathode comprises multiple hollow vessels comprising a thin 
film conductive shell whereby lower-energy hydrogen 
diffuses through the thin film and collects inside each vessel 
3 0 and undergoes disproportionation reactions therein. 

The heat output can be monitored with thermocouples 
present in at least the vessel 100 and the condenser 140 of 
FIGURE 6 and the beat exchanger 60 of FIGURE 5. The output 
power can be controlled by a computerized monitoring and 
control system which monitors the thermistors and controls 
the means to alter the power output. 
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Prcs.s»rizcd Gas F . ncrev Reacior 

A pressurized gas energy reacior comprises ihc firsi 
vessel 200 of FIGURE 7 containing a source of hydrogen 
including hydrogen from melal-hydrogen sohiiions. hydrogen 
from hydrides, hydrogen from the dissociation of water 
including thermal dissociaiion. hydrogen from the electrolysis 
of water, or hydrogen gas. In the case of a reactor which 
shrinks hydrogen atoms, the reacior further comprises a 
means to dissociate the molecular hydrogen into atomic 
hydrogen such as a dissociating material including an element, 
compound, alloy, or mixture of transition elements and inner 
transition elements, iron, platinum, palladium, zirconium, 
vanadium, nickel, titanium. Sc. Cr. Mn. Co. Cu. 2n. Y. Nb. Mo. Tc. 
Ru. RJ,. Ag. Cd. La. Hf. Ta. W. Re, Os. Ir, Au. Hg. Ce. Pr. Nd. Pm. 
I 5 Sm. Ell. Gd. Tb. Dy. Ho. Er. Tm. Vb. Lu. Th. Pa. U. activated 
charcoal (carbon), and intercalated Cs carbon (graphite) or 
electromagnetic radiation including UV light provided by 
photon source 205 such that the dissociated hydrogen atoms 
(molecules) contact a source of energy holes including a 
molten, hguid. gaseous, or solid source of the energy holes 
including the clecirocaialyiic ions and couples described in my 
previous U.S. Patent Applications entitled "Energy/Matter 
Conversion Methods and Structures". Serial N/» nsMf.-} n<:, 
filed on June 6, 1995 which is a continuaiion-in-pan 
application of Serial No. 08/416.040 filed on April 3. 1995 
which is a coniinuaiion-in-parl application of Serial No. 
08/107.357 filed on August 16. 1993, which is a continuation- 
in-part application of Serial No. 08/075,102 (Dkt. 99437) fiJed 
on June IJ. 1993, which is a conlinuaiion-in-parl application 
3 0 of Serial No. 07/626.496 filed on December 12.1990 which is a 
continuation-in-part application of Serial No. 07/345.628 filed 
April 28. 1989 which is a continuation-in-part application of 
Serial No. 07/341.733 filed April 21. 1989, which are 
incorporated herein by reference. The pressurized gas energy 
3 5 reactor further comprises a mean? 201 to remove the 

(molecular) lower-energy hydrogm such as a selective venting 
valve to preveoi the exothermic shrinkage reaction from 
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coming ,o cquilibnum. One cmbodi.Bcn, comprises heat pipes 
as hca. exchnngcr 60 of FIGURE 5 which have a Jowcr-cncrly 
liydrogen vcmmg valve at a cold spoJ. 

A preferred cn.bodnnent of ihe pressurized gas cneroy 
reactor of .he prescn. mveniion comprises a fusi reaction " 
vessel 200 with inner surface 240 comprised of a material to 
dissociate the molecular hydrogen into atomic hydrogen 
including an element, compound, alloy, or mixture of transition 
Clements and inner transition elements, iron, platinum. 
1 0 palladium, zirconium, vanadium, nickel, titanium Sc Cr Mn 
Co. Cu. Zn. Y, Nb. Mo, Tc, Ru. Rh. Ag. Cd. U, Hf. Ta. W. Re Os 'ir 
Au. Hg. Co. Pr. Nd, Pm. Sm. Eu. Gd. Tb. Dy. Ho. Er. Tm. Vb. Lu 
Th. Pa, U. activated charcoal (carbon), and intercalated Cs 
carbon (graphite). 1„ a further embodiment, the inner surface 
240 can be comprised of a proton conductor. The first reaction 
vessel 200 can be scaled in a second reaction vessel 220 and 
receives hydrogen from source 22! under pressure which can 
be controlled by pressure measurcmcni and control means 
222 and 223. In a preferred embodiment the hydrogen 
pres.sure can be in the range of 10 ' atmospheres to 100 
atmospheres. The wail 250 of the first vessel 200 can be 
permeable to hydrogen. The outer surface 245 and/or outer 
vessel 220 has a source of energy boles eo«;,I m the resor.ancc 
shrinkage energy. In one embodiment the' source of energy 
holes can be a mixture or solution containing energy holes in 
'he molten, liquid, or solid state. In another embodiment an 
clccinc current can be passed through the material having a 
source of energy holes. The reactor further comprises a means 
«o control the reaction rate such as current source 225 and 
heating means 230 which heat the first reaction vessel 200 
and the second reaction vessel 220. In a preferred 
embodiment the outer reaction vessel 320 contains oxygen 
«hc inner surface 240 comprises one or more of a coat of 
nickel, platinum, or palladium. The outer surface 245 can be 
coated with one or more of copocr, tellurium, arsenic, ccsium 
platinum, or palladium and an cxidc such as 
CuO..P,0,.PdO„MnO,.AlO,.SiO,. The electrocatalytic ion or 
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couple can be regcnera«ed spontancousry or via a regeneration 
means including hciuing means 230 and curreni source 225. 

In anoilicr embodiment, ihc pressurized pas energy 
reactor comprises only a single reaction vessel 200 with a 
5 hydrogen impermeable v^all 250. In the case o^ a reactor 
which shrinks hydrogen atoms, one or more of a hydrogen 
dissociating materials including transition elements and inner 
transition elements, iron, platinum, palladium, zirconium, 
vanadium, nickel, titanium. Sc. Cr. Mn. Co. Cu. Zn. Y. Nb. Mo. Tc 
1 0 Ru. Rh. Ag. Cd. U. Hf. Ta. W. Re. Os. Ir. Au. Hg. Cc. I>r. Nd. Pm. 
Sm, Eu, Gd. Tb. Dy, Ho. Er. Tm, Vb. Lu. Tb. Pa, U, activated 
charcoal (carbon), and intercalated Cs carbon (graphite) are 
coated on the inner surface 240 with a source of energy holes 
including one or more of copper, tellurium, arsenic. cc'*siuin. 
1 5 platinum, or palladium and an oxide such as 

CuO„ PtO,. PdO„ MnO,. AlO,. SiO,. In another embodiment, the 
source of energy hole can be one of a inelastic photon or 
particle scattering rcaction(s). In a preferred embodiment the 
photon source 205 supplies the energy holes where the energy 
hole corresponds to stimulated emission by the photon. In the 
case of a reactor which shrinks hydrogen atoms the photon 
source 205 dissociates hydrogen molecules into hydrogen 
atoms. The photon source producing photon.<: of ;>t leaji one 
energy of approximately mX21.2\ eV . ~X21.2\ eV , oi 40.8 

causes stimulated emission of energy as the hydrogen atoms 
undergo the shrinkage reaction. In another preferred 
embodiment, a photon source 205 producing photons of at 
least one energy of approximately mJf48.6eV. 95.7«V, or 
tnXi\.9AeV causes stimulated emission of energy as the 
hydrogen molecules undergo the shrinkage reaction. 

A preferred inner surface. 240. and outer surface, 245. 
of the pressurized gas energy reactor including a nickel 
surface has the properties of a high surface area, a highly 
Stressed and hardened surface such as a cold drawn or cold 
3 5 worked surface, and a large number of grain boundaries. 
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In an embodiment of the pressurized gas energy reactor 
the source of energy holes can be incorporated into the inner 
surface. 240. and outer surface. 245. mechanically by methods 
including cold working the source of energy holes into ,hc 
5 surface material and thermally by methods including meliin" 
the source of energy holes into ihe surface material (fusion) ^ 
Further methods of incorporation include dry impregnation 
evaporation of a solution of the source of energy holes in 
contact with the surface material (precipitation), ion 
I 0 bombardment, vacuum deposition, impregnation, leaching and 
electrostatic incorporation including electrolytic deposition and 
electroplating. A preferred method to clean the inner surface 
240 and the oulcr surface 245 including a nickel surface is to 
fjll ihc inner vessel and the outer vessel with a basic 
electrolytic solution including approximately 0.57 M X2CO3 (X 
is the alkali cation of the electrolyte including K+) and to fill 
the inner vessel and the outer vessel with a dilute solution of 
H2O2- Each of the inner vessel and the outer vessel can be 
then thoroughly rinsed with distilled water. Jn one 
embodiment, at least one of the vessel 200 or the vessel 220 
can be then filled with a solution of the energy hole including 
an approximately 0.57 M K2CO3 solution. 

In a further embodiment, tcxiurat amlMr cirii/-t,.r^i 
promoters are incorporated wjth the source of energy holes to 
^ 3 increase the shrinkaee reaction rate. 

In one embodiment of the method of operation of the 
pressurized gas energy reactor, hydrogen can be introduced 
inside of the first vessel from source 221 under pressure 
which can be controlled by pressure control means 222. In 
the case of a reactor which shrinks hydrogen atoms, the 
molecular hydrogen can be dissociated into atomic hydrogen 
by a dissociating material or electromagnetic radiation 
including UV light provided by photon source 205 such that 
the dissociated hydrogen atoms contact a source of energy 
holes including a molten, liquid, gaseous, or solid source of the 
energy holes. The atomic (molecular) hydrogen releases 
energy as its elections arc stimulated to undergo transitions to 



20 



30 



35 



wo 96/42085 



PCTAJS96/07949 



55 

lower energy levels by ihc energy holes. Alternatively, the 
hydrogen dissociates on the inner surface 240. diffuses though 
the wall 250 of the first vessel 200 and contacts a source of 
energy boles on the outer surface 245 or contact a source of 
5 energy holes including a inohen, liquid, gaseous, or solid 

source of the energy holes as hydrogen atoms or recoinbined 
hydrogen molecules. The atomic (molecular) hydrogen 
releases energy as its electrons arc stimulated to undergo 
transitions to lower energy levels by the energy holes. The 
1 0 elecirocatalytic ion or couple can be regenerated 

spontaneously or via a regeneration means inciudinc' heatins 
means 230 and current source 225. The (molecular) lower- 
energy hydrogen can be removed from vessel 200 and/or 
vessel 220 by a means to remove the (molecular) lowcr- 

1 5 energy hydrogen such as a selective venting valve means 201 

which prevents the exothermic shrinkage reaction from 
coming to equilibrium. To control the reaction rate (the power 
output), an electric current can be passed through the material 
having a source of energy holes ecjual to the resonance 

2 0 shrinkage energy with current source 225, and/or the first 

reaction vessel 200 and the second reaction vessel 220 are 
heated by heating means 230. The heal output can be 

monitor/^H with lhprmomnT^i/>*: nr#»Q/»ni in skt l/*i»<:i iUt> firci 

vessel 200, the second vessel 220, and the heal exchanger 60 

2 5 of FIGURE 5. The output power can be controlled by a 

computerized monitoring and control system which monitors 
the thermistors and controls the means to alter the power 
output. The (molecular) lower-energy hydrogen can be 
removed by a means 201 to prevent the exothermic shrinkage 

3 0 reaction from coming to equilibrium. 

A method of preparaiion of the catalytic material of the 
present invention of catalytic systems that hinge on the 
transfer of an electron from a cation to another capable of 
producing energy holes for shrinking hydrogen atoms mcludes 
3 5 the steps of; 

♦ Mix ing the oxides of the cations with the hydrogen 
dissociating material. 
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• Thoioughiy mixing by repeatedly siniering and pulv 



Ex ample of a . Ceramic Catalviic Mairri,- >t- <;.rr»i.i„n i Niohn.n ^ 
Oxide rSrNb iQ^ ) on Ni Powder: 

5 To prepare the ceramic catalytic material: stromium 

niobium oxide (SrNb206) on Ni powder. 2.5 kg of SrNboOe are 
added to 1 .5 kg of -300 mesh Ni powder. The materials are 
mixed to make a homogeneous mixture. The powder can be 
sintered or calcinated in an oven at J600X in atmospheric air 
I 0 for 24 hours. The material can be cooled and grourid to 

remove lumps. The material can be re-siniered at 1600''C in 
air for another 24 hours. The material can be cooled to room 
temperature and powderized. 

A mcUjod of preparation of the catalytic material of the 
present invention of catalytic systems that hinge on the 
transfer of an electron from a cation to another capable of 
producing energy holes for shrinking hydrogen aioms includes 
the steps of: 

• Dissolving ionic salts of the cations into a solvent. In a 
2 0 preferred cmbodimeni. the ionic salts arc dissolved in 

dejonized dcmincralizcd water to concentration of 0.3 to 0.5 
molar. 

••••J •• - a * •'•.•^wi«nw«i >>iakbi>oi Willi mc ui:>SO)Vetl 

sail solution. 

2 5 • Draining the excess .solution. 

• Drying the weiied dissociation material in an oven 
preferably at a temperature of 220 *C- 

• Pulverizing the dried catalytic material into a powder. 

3 0 Example pf a Ionic raialvtic Material- Po iassinm r.rhnn... 

LKpCO i) on Ni Powdpr 

To prepare the ionic catalytic material: potassium 
carbonate (K2CO3) on Ni powder, a I liter solution of 0.5 M 
K2CO3 in water is poured over 500 grams of -300 mesh Ni 
3 5 powder. The materials arc stirred to remove air pockets 
around the grains of Ni. The excess solution can be drained 
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off. The powder can be dried in an oven ai 200''C. If 
necessary the maierial can be ground lo remove lumps. 

Hydrogen flpillnv rr Caialy sr^: 

In a preferred embodiment the source of hydroeen 
atoms for the catalytic shrinkage reaction comprises a 
hydrogen spillover catalyst. 

A hydrogen spillover catalyst according to the present 
invention comprises: 

• ^ hydrogen dissoci aiion matrr ial or n^^^nc which forms free 
hydrogen atoms or protons; 

• A c onduit material onto which free hydrogen atoms spill and 
which supports free, mobile hydrogen atoms and provide*; a 
path or conduit for the flow of hydrogen atoms or protons; 

• A source of epfrpv holr^ which catalyze the shrinkage 
reaction, and optionally 

' A support material into which the former materials are 
embedded as a mixture, compound, or solution. 
^^^^ hydrogen dis«:oriaimn m^.^r;,;^ include surface.*; or 
materials to dissociate hydrogen, deuterium, or tritium, 
comprise an clement, compound, alloy, or mixture of transition 
Clements and inner transition elements, iron, platinum, 
palladium, zirccniu.-r.. va.^adiu:^., nickel, titaniu.-. Sc. Cr. Mr.. 
Co. Cu, Zn. Y, Nb. Mo. Tc. Ru. Rh. Ag. Cd. La. Hf. Ta. W. Re, Os. h. 
Au. Hg. Cc. Pr. Nd. Pm. Sm. Eu. Gd. Tb. Dy. Ho. Er. Tm. Vb. Lu. 
Th. Pa. U, activated charcoal (carbon), and intercalated Cs 
carbon (graphite). Such conduit matPrtalc onto which free 
hydrogen atoms spill and which supports free, mobile 
hydrogen atoms and which provides a path or conduit for the 
now of hydrogen atoms include nickel, platinum, carbon, tin. 
iron, aluminum, and copper and their compounds, mixtures, or 
alloys. In an embodiment, such suppon mat/>r;ai.: into which 
the former materials arc embedded as a mixture, compound, 
or solution includes carbon, silica, nickel, copper, litania. zinc 
oxide, chromia. magnesia, zirconia, alumina, silica-alumina, and 
zeolites. In an embodiment, one or more of the other 
components aie deposited on the support material by 
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cicaroplaiing. The source of cneroy hn)^^ to cause atomic 
hydrogen 'shrinkage** arc preferably of approximaiely 
niX21.2\cV and/or lo cause molecular hydrogen ^'shrinkage" 
arc of approximately fnX4Z.6eV where m is an inieger 
5 including ihe elcctrocaialytic ions and couples described in xny 
previous U.S. Paienl Applications entitled "Enersv/Maiicr 
Conversion Methods and Structures', Serial No. 08/467.051 
filed on June 6, 1995 which is a continuation-in-part 
application of Serial No. 08/416,040 filed on April 3, 1995 
1 0 which is a continuation-in-part application of Serial No. 

08/107,357 filed on August 16. 1993. which is a continuation- 
in-part application of Serial No. 08/075,102 (Dki. 99437) filed 
on June 11, 1993. which is a conlinuaiion-in part application 
of Serial No. 07/626,496 filed on December 12J990 which is a 
continuaiion-in part application of Serial No. 07/.345.628 filed 
April 28, 1989 which is a continuation-in-part application of 
Serial No. 07/341,733 filed April 21, 1989. which arc 
incorporated herein by reference. The counterion of the 
energy hole of the spillover catalyst includes those given in 
2 0 the Handbook of Chemistry and Physics. Roberi C. Weasi, 
Editor, 58 th Edition. CRC Press, West Palm Beach. Florida. 
<1974) pp. B61-B178 which is incorporaicd by reference 
herein, organic ions inciuding benzoic acid, phthalaic. 
salicylate, aryl sulfonate, alky sulfate, alkyl sulfonate, and 

2 5 alkyl carboxylate. and the anion of an acid which forms an 

acid anhydride including sulfite, sulfate, carbonate, 
bicarbonate, nitrite, nitrate, perchloraie, phosphite, hydrogen 
phosphite, dihydrogen phosphite, phosphate, hydrogen 
phosphate, and dihydrogen phosphate. In another 

3 0 embodiment the anion can be in equilibrium with its acid and 

its acid anhydride. 

The functionalities of the hydrogen spillover catalyst are 
combined vifjih the other functionalities as separate species or 
as combinations comprising a mixture, solution, compound, or 
3 5 alloy of more than one functionality. For example, in one 
embodiment, the hydrogen dissociation material and ihc 
source of energy holes each comprise homogeneou?; crystals- 
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each crystal contains one component, and these funciionnliiies 
are mixed with the conduit material without a support 
material. Whereas, in another embodiment, the hydrogen 
dissociation material and ihc source ol energy holes comprise 
heterogeneous crystals-each crystal contains both of the 
components, and the heterogeneous crystals are mixed with 
the conduit material which coats a support material. Jn a 
third exemplary embodiment, the source of energy holes can 
be embedded in the conduit material, and this combined 
species can be mixed with the hydrogen dissociation material 
which can be embedded in the same or a different conduit 
material without a support material. 

A method of preparation of the hydrogen spillover 
catalytic material of the present invention include*; the steps 
15 of: 

• Mixing the components of the spillover catalyst by ihe 
method of incipient wetness impregnation. 

• Thoroughly mixing the components by sintering. 

A further method of preparation of the hydrogen 
2 0 spillover catalytic material of the present invention includes 
the steps of: 

• Dissolving or dispersing the components to be mixed in a 
S'ujtabjc sojvcin sucii as waicr and drying the solution or 
mixture. 

2 5 • Removing the solvent by drying, or ihe wet mixture, 

suspension, or solution can be frozen and the solvent can be 
sublimed. 

• Thoroughly mixing the components by sinterin<>. 
An incipient wetness method of preparation of the 

hydrogen spillover catalytic material of the present invention 
comprising a source of energy holes for shrinking hydrogen 
atoms that hinge on the transfer of an electron from a cation 
lo another includes the steps of: 

• Dissolving a desired weight of the ionic salts of the cations 

3 5 jnio a desired volume of solvent. In a preferred embodiment, 
the ionic salts are dissolved in deionized demineralized water. 
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• Preparing an incipiently wet conduii-hydrogcn dissociaiion 
inaicrial by uniformly wctung ihc condiiii-hydrogen 
dissociaiion material wiih ihc dissolved sail soluiion so thai 
ihe pores of the inaicrial arc jusi filled. The loial volume of 

5 solvent required can be ibe desired amount, and ihc weight 
percent of the ionic salts of the cations in the final material 
can be determined by the desired weight of the ionic salts of 
the cations dissolved in ihe desired vohime of solvent. 

• Mechanically mixing the wciied material lo insure uniform 
1 0 wetting. 

• Drying the incipiently wet conduii-hydrogcn dissociaiion 
material in an oven preferably al a icmperature of 150 X. In 
an embodimem the material can be heated until the 
countenon(s) of the cations chemically decompose lo 

1 5 preferably oxides. 

• Pulverizing the dried material comprised of the conduit- 
hydrogen dissociation- source of energy hole$ material into a 
powder. 

• Optionally, mechanically mixing the dried and powdered 

?0 material with further hydrogen dissociaiion material including 
a powder mixed with a conduit maieiial and a support 
material. 



Exanipt e of a Ionic Hvdropcn S pillovcf Catalytic Maieriat: 40% 
■by Weight Potassium Nitrate (KNO^ ) on 1 
Carbon Powder: 

To prepare one kilogram of the ionic hydrogen spillover 
catalytic material: 409c by weight potassium nitrate (KNO3) on 
l%^Pd-on-graphiiic carbon powder, 0.40 kg of KNO3 are 
dissolved in 1 liter of H2O. Incipient wetness requires 1 ml of 
HiO per gram of -300 mesh graphite powder, and 0.67 grams 
of KNO3 arc required per gram of graphitic carbon powder to 
achieve a 40% by weight KNO3 content in the final material. 
The aqueous KNO3 solution can be slowly added to 0.6 kg of 
l%-Pd-on--300-mcsh-graphiiic carbon powder as the slurry 
can be mixed. The slurry can be then placed on an 
evaporation dish which can be inserted into an oven ai I50**C 
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for one hour. Healing causes the w.iicr to evaporate from the 
sJurrv. The KNO3 coaled 1%-Pd-on.graphilic carbon can be 
ground into n powder. 

Another incipient wetness method of preparation of the 
5 hydrogen spillover catalytic material of the present invention 
comprising a source of energy holes for shrinking hydrogen 
atoms that hjnge on the transfer of an electron from a cation 
to another includes the steps of: 

• Dissolving a desired weight of the ionic salts of the cations 

1 0 into a desired volume of solvent. In a preferred embodiment, 
the ionic salts are dissolved in deionized demineralized water, 

• Preparing an incipicnily wet conduit material by uniformly 
wetting the conduit material with the dissolved salt solution so 
that the pores of the material are just filled. The total volume 

1 5 of solvent required can be the desired amount, and the vi'eighi 
percent of the ionic salts of the cations in the final material 
can be determined by the desired weight of the ionic salts of 
the cations dissolved in the desired volume of solvent. 

• Mechanically mixing the welted material to insure uniform 
20 wetting. 

• Drying the incipicnily wet conduit material in an oven 
preferably at a temperature of 150 X. in an embodiment, ihe 

owrticu utiiii iiic v.uuiiiciiun(s) oi me cations 
chemically decompose to preferably oxides. 
2 5 • Pulvcrizino the dried material comprised of the conduit 
material and the source of energy holes into a powder. 

• Mechanically mixing the dried and powdered material with 
a hydrogen dissociation material including a powder mixed 
with a conduit material and a support material. 

30 

Example of a Ionic Hv dropen Spillover Catalytic Material: 40% 
bv Weight F^otassium Nitrate fKNQ^ ) on Grap hiiir Pnrhon 

Powder with Sy. hy W^i^.hi 1 %-Pd-Qn nraphitic Carhnn 
Powder: 

prepare one kilogram i the ionic hydrogen spillover 
catalytic material: 40% by weight potassium nitrate (KNO3) on 
sraphiiic carbon powder with 5% by weight 1%-Pd-on- 
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graphiiic carbon powUcr. 0.67 kg of KNO3 arc dissolved in | 
Incr of H2O. Incipicni weincss requires 1 ml of H^O per gmm 
of -300 mesh graphiic powder, and 0.40 grams of KNO3 a^re 
required per gram of graphiie powder to achieve a 40% by 
weigh! KNO3 contenl m the final maierial. The aqueous KNO3 
solution can be slowly added 10 0.55 kg of graphne powder as 
the slurry can be mixed. The slurry can be ihen placed on an 
evaporation dish which can be inserted imo an oven al ISOX 
for one hour. Heating causes the water to evaporate from the 
slurry. The KNO3 coated graphiic can be ground into a 
powder. The powder can be weighed. Approximately 50 
grams (5% of the weight of the KNO3 coated graphite) of 1%. 
Pd-on--300-mcsh graphitic carbon powder can be mixed into 
the KNO3 coated graphitic carbon powder. 

ExaiB ple of the Mode of Operation of ih^ Exemplnry r-...ty,ir 
Material^! 

The catalytic material can be placed into the 
pressurizable vessel 200. The vessel can be flushed with an 
• nert gas such as 11c. Ar. or Nc to remove air contamman.s in 
the vessel. The vessel and its contents arc heated to the 
operational temperature, typically 100 "C to 400 "C. before the 

^CSSe! C2M hs •»■-«»•-••. ."..^-1 ...;.t. I ...... 

„w u.tfcvu ovjiii Mjruivgcii, lypicaiiy to J4U 

PSIG. 

In an embodiment, the source of energy holes is 

potassium ions (K+/K^) or rubidium ions (Rb*) intercalated into 

carbon. In another embodiment, ihc source of energy holes is 

an amalgam of the electrocatalytic ion or couple and its 

reduced metallic form such as rubidium ions (Rb*) and 

rubidium metal or potassium ions (KVK+) and potassium 
metal. 

In an embodiment, the source of hydrogen atoms is a 
hydrogen dissociation means including a hydrogen gas stream 
blown over a hot filament or grid such as a hot refractory 
metal including a filament or grid of Ti. Ni. Fe. W. Au. Pt. or Pd 
at an elevated temperature such as ISOO'C. The dissociation 
means provides hydrogen atoms as well as hydrogen ions, and 
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ihc momcnium of the acorns brings ihcm in contact witfi the 
source, of energy holes. Or, ihc hydrogen atoms and ions 
sputter onto the spillover catalyst. In one preferred 
embodiment of the pressurized gas reactor, a low pressure can 
5 be maintained by pressure regulator means 222 and a pump 
means 223 to minimize hydrogen atom recombination into 
molecular hydrogen and remove (molecular) lower-energy 
hydrogen. 

In an embodiment the source of hydrogen atoms is 
I 0 water which dissociates to hydrogen aioms and oxygen on a 
water dissociation material such as an element, compound, 
alloy. Of mixture of transition elements and inner transition 
elements, iron, platinum, palladium, zirconium, vanadium, 
nickel, titanium. Sc. Cr. Mn. Co. Cu, Zn, Y. Nb, Mo. Tc, Ru, Rh, Ag. 

1 5 Cd. La. Hf. Ta. W. Re, Os. li, Au. Hg, Ce. Pr, Nd, Pm, Sm, Eu, Gd, 

Tb, Dy, Ho, Er. Tm, Vb, Lu, Th, Pa, U, activated charcoal 
(carbon), and intercalated Cs carbon (graphite), hi a further 
embodiment, the water dissociation material can be 
maintained at an elevated temperature by a heal source and 

2 0 temperature control means 230. In an embodiment including 

one comprising a hydrogen spillover catalyst, the source of 
hydrogen can be from hydrocarbons including natural gas 

• •...w.. , ' .w.w.,..x^x> wia »v«vriBlllJI^ a IllCttC'lltll ^UCfl as 

nickel, cobalt, iron, or a plaiinum>group metal to hydrogen 

2 5 atoms and carbon dioxide. In a further embodiment, the 

reforming material can be maintained at an elevated 
temperature by a heat source and a temperature control 
means 230. In another embodiment, the source of hydrogen 
atoms can be from the decomposition of a metal hydride 

3 0 where the decomposition can be controlled by controlling the 

temperature of the metal hydride with the heal source and 
temperature control means 230. In another embodiment, the 
hydride can be coated by methods including electroplating 
with another material such as the hydrogen dissociation 
35 material. 

In a preferred embodiment a product of the shrinkage 
reaction, (molcculai) lower-energy hydrogen, can be removed 
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to prevent producl inhibiiion. Thus, the forward energy 
yicldinji reaction raie can be increased. One means \o remove 
lower-energy (molecular) hydrogen is lo supply ihc reaciion 
mixuire with a scavenger for lower-energy hydrogen. The 
5 scavenger absorbs or reacts with the producl. lower-chergy, 
hydrogen, and the resulting species can be removed from the 
reaction mixture. In another embodiment lower-energy 
hydrogen which is absorbed on the catalysts can be removed 
via displacement with an inert molecule or atom such as 
1 0 helium that flows through the vessel 200. 

Other objects* features, and characteristics of the art of 
catalysis as well as the methods of preparation, operation and 
the functions of the related elements, as described bv 
Salterficid (Charles N. Satierfield. Heterogeneous Catalysis in 

1 5 Industrial Practice, Second Edition, McGraw-Hill. Inc., New 

York, (1991)) are applied lo the present invention and are 
incorporated by reference herein. Application of the art of 
catalysis to the present invention of a pressurized gas energy 
reactor for the release of energy by the catalytic reaction 

2 0 wherein the electrons of hydrogen atoms undergo transitions 

to lower energy states include the use of an adiabatic reactor, 
riuidized-bed reactor, transport line reactor, muititube reactor, 
reverse muiuiube reactor having the heat exchange means 
including a fluid in the tubes and the catalytic material 

2 5 surrounding the tubes, and a muititube reactor or reverse 

muititube reactor comprising a fluidized bed of the catalytic 
material. Furthermore, in an embodiment comprising a 
solvated source of energy holes, a suspended hydrogen 
dissociation material including a hydrogen spillover catalyst. 

3 0 and hydrogen gas. the reactor comprises a trickle-bed reactor, 

a bubble-column reactor, or a slurry reactor. 

For example, in a preferred embodiment, the fluidized 
bed reactor 200 comprises the hydrogen spillover catalyiic 
material: 40% by weight potassium nitrate (KNO3) on graphitic 

3 5 carbon powder with 5% by weight I %-Pd-on-graphjiic carbon 
powder. The reacting hydrogen gas can be passed up through 
a bed of the finely divided solid catalytic material, preferably 
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having a panicle size in the range of aboul 20 lo 100 iim, 
which can be highly agitated and assumes many of the 
chnractcristics of a nu.d. A cyclone separator 275 returns the 
ftnes to the bed. The hydrogen pressure and flow rate are 
controlled by pressure and flow rate control means 222. 
Preferably at atmospheric or slightly higher pressurcs/the 
corresponding maximum linear velocity can be less than 60 
cm/s. 



I 5 



1 0 Caseous S ource of Fnerpv lig leM 

A preferred hydrogen gas energy reactor for the release 
of energy by an elecirocatalytic and/or a disproportination 
reaction, wherein the electrons of hydrogen atoms undergo 
transitions to lower energy states in the gas phase, comprises 
a vessel 200 of FIGURE 7 capable of containing a vacuum or 
pressures greater than atmospheric: a source of hydrogen 221; 
a means 222 to control the pressure and flow of hydrogen into 
the vessel: a source of atomic hydrogen in the gas phase, and a 
source of energy holes in the gas phase. 

The reaction vessel 200 comprises a vacuum or pressure 
vessel comprised of a temperature resistance material such as 
ceramic, stainless steel, tungsten, alumina. Incolov and 
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In an embodiment, the .source of hydrogen atoms in the 
gas phase is a hydrogen dissociation means including a 
hydrogen gas stream blown over a hot filamcm or grid 280 
such as a hot refractory metal including a filament or grid of 
Tj. Ni. Fc. W. Au. Pt. or Pd at an elevated temperature such as 
1800°C. The dissociation means provides hydrogen atoms as 
well as hydrogen ions, and the momentum of the atoms brings 
Jhem in contact with the source of energy holes. In a 
preferred embodiment of the gascous-$ource-of-energy-holcs 
gas reactor, a low pressure can be maintained by pressure 
regulator means 222 and a pressure raeasnrcmcnl and pump 
means 223 to minimize hydrogen atom recombination into 
molecular hydrogen. The pressure can be measured by 
measuring ihe power dissipated in the hot filament or grid 
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which can be operated at consiani rcsisiancc by a servo loop 
285 comprising a voliagc <uul currcnc measurement means, a 
power supply, and a voliage and cujrcni coniroUer where the 
hydrogen pressure versus power dissipation of the filament or 
5 grid at the operating resistance has been calibrated. In 

another embodiment, the source of atomic hydrogen comprises 
one or more hydrogen dissociation materials which provide 
hydrogen atoms by dissociation of molecular hydrogen. Such 
hydrogen dissociation materials include surfaces or materials 
I 0 to dissociate hydrogen, deuterium, or tritium, including a 

hydrogen spillover material such as palladium or platinum on 
carbon and an element, compound, alloy, or mixture of 
transition elements and inner transition elemcnis. iron, 
platinum, palladium, zirconium, vanadium, nickel, liianium. Sc. 

1 5 Cr. Mn, Co. Cu. Zn, Y, Nb, Mo. Tc, Ru, Rl). Ag, Cd, La, Hf. Ta, W, 

Re, Os, Ir. Au, Hg, Ce. Pr, Nd, Pm, Sm, Eu, Gd, Tb. Dy, Ho, Er, Tm. 
Vb. Lu. Th, Pa, U, activated charcoal (carbon), and intercalated 
Cs carbon (graphite). In one embodimeni. nonequilibrium 
conditions of the hydrogen and hydride are maintained by 

2 0 controlling the temperature and hydrogen pressure lo provide 

atomic hydrogen in the gas phase. In another embodiment, 
the source of atomic hydrogen comprises a tungsten capillary 

^ - v^-..~. s,.*ii WW *jv,<iiv-Kj »/jr cicciuxi ounioaroiDcnt 

to 1800-2000 K such as the atomic hydrogen source described 

2 5 by Bischler (Bischler. U.; Bertel, E., J. Vac. Sci. Techno),. A. 

(1993). 11(2), 458-60] which is incorporated herein by 
reference. In a further embodiment, the tungsten capillary 
can be healed by the energy released by the hydrogen 
shrinkage reaction. In another embodiment, the source of 

3 0 atomic hydrogen comprises an inductively coupled plasma 

flow lube such as that described by Gardner {Gardner. W. L., ). 
Vac. Sci. Tcchnol.. A. (1995), 13(3. Pi, 1), 763 6) which is 
incorporated herein by reference, and the hydrogen 
dissociation fraction can be measured with the sensor of 
3 5 Gardner. 

The source of energy holes can be placed in a chemically 
resistant open container such as a ceramic boat 290 inside the 
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reaction vessel. Or. ihc source of energy holes can be placed hi 
a vessel which has a connection for the passage of the gaseous 
source of energy holes to the reaction vessel. 

The gaseous source of energy holes inchides those that 
5 sublime, boil, and/or arc volatile al the elevated operating 
temperature of the gas energy reactor wherein the shrinkase 
reaction occurs in the gas phase. For example. HbNO.and KNO, 
are each volatile at a temperature much less than that at 
vi^hich each decomposes {C. J. Hardy. B. O. Field. J. Chem. Soc. 
10 (1963). pp. 5130-5134}. In one embodiment, the ionic 
hydrogen spillover catalytic material: 40% by weight 
potassium or rubidium nitrate on graphitic carbon powder 
with 5% by weight 1 %-Pd-on-graphiiic carbon powder can be 
operated ai a temperate at which the potassium or rubidium 

1 5 nitrate can be volatile. Further disproportionatioii reactions of 

the product, lower-energy hydrogen atoms, release additional 
heat energy. 

In a preferred embodiment, the source of energy holes is 
a thermally stable salt of rubidium or potassium such as 

2 0 ftbF. RbO. RbBr. Rbl, Rb,S,, RbOH, Rb,SO,. Rb.CO,, Rb.PO.. and 

KI\ KCV. KDr. Kl. K,S,. KOU. K,SO.. K,CO,. K,H\.K,Gel,. Further 
preferred sources of energy holes of approximaicly mX27.2l e\ 
to cau.se atomic hydrogen *'slirii>l-ap/-" :^nlMr^T t..».^rovir,,«l«l., 

/?i^48.6eV (o cause molecular hydrogen "shrinkaee" where m is 

2 5 an inieger include the elecirocaialytic jons and couples 

described in my previous U.S. Palenl Applications eniiiled 
"Energy/Maucr Conversion Methods and Structures^ Serial No. 
08/467,051 filed on June 6, 1995 which is a conlinuation-in- 
pan application of Serial No. 08/416.040 filed on April 3. 

3 0 1995 which is a continuation-in pan application of Serial No. 

08/107,357 filed on August 16, 1993, which is a continuation- 
in-pan application of Serial No. 08/075.102 {Dki, 99437) filed 
on June 11. 1993, which is a conlinuaiion-in-pan application 
of Serial No. 07/626,496 filed on December 12,1990 which is o 
3 5 continuation-in-pan application of Serial No. 07/345,628 filed 
April 28. 1989 which is a conlinualion in-pan application of 
Serial No. 07/34 K733 filed April 21. 1989. which are 
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incorporated herein by reference. The counJcrion includes 
those given in the Handbook of Chemistry and Phystcs. Robert 
C. Weasi. Editor. 58 th Edition. CRC Press. West Palm Beach. 
Florida. (1974) pp. B6I-BI78 which is incorporated by 
reference herein. The preferred anion can be stable to 
hydrogen reduction and thcnnal decomposition and can be 
volatile at the operating temperature of the energy reactor. 

The following compounds arc preferred gaseous sources 
of energy holes in the gas energy reactor. Higher 
temperatures result in a higher vapor pressure of the source 
of energy holes which increases the reaction rate; however, 
the increase in total pressure increases the recombination rate 
of hydrogen atoms to hydrogen molecules. In each exemplary 
case that follows, the operating temperature of the energy 
reactor can be that which provides an optimal reaction rate. 
In an embodiment, the cell temperature can be about 50X 
higher than the (highest) melting point of the source of energy 
holes (in the case that the source of energy holes comprises an 
electron transfer between two cations-an elcctrocatalytic 
couple). The hydrogen pressure can be maintained at about 
200 milliiorr. and molecular hydrogen can be dissociated with 
a hot filament or grid 280 of FIGURE 7. 

Single Ion Catalysts (Electrocatalytic Ions); 
Single-ion catalysts (electrocatalylic ions) capable ol 
producing energy holes for shrinking hydrogen aloms. The 
number following the atonaic symbol (n) is the nth ionization 
energy of the atom. That is for example. Rb+ + 27.28 eV = Rb2 + 
+ e-. (melting pofnl=(MP); boiling point=(BP)) 

Catalytic Ion n nth ionization energy 
Mo2+ 3 27.16 

MoL 



3 5 Ti2+ 3 



27.49 



TiCX{MP = subl H,,8P=d Aiyc vac) 
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Rb'+ 2 27.28 

Rb,S,{MP = 420' C. BP = volai > 850) 
/fW(///' = 647' C = 1 300" C) 



Two Ion CalaJyts (Electrocatalytic Couples): 

Two-ion catalysis (electrocatalytic couples) capable of 
producing energy holes for shrinking hydrogen atoms. The 
number in the column following the ion. (n). is the nth 
ionization energy of the atom. Thai is lor example. K+ + 31.63 



I 5 Oxidiz- izalion Reduced 



boiling point=(BP)) 




Atom n 


nth Ion 


Energy 




Oxidiz- 


izalion 


Hole 




ed 


Energy 


(ev) 






(ev) 


Sn 4 + 5 


72.28 



Atom n nth Ion 



izalion 



Energy 



(ev) 

Si 4 + 4 45.14 



07 i y1 



5na,{MP= -33' C.BP= I I4.rC) SiClJMP^ -lO^C.BP = 57.57'C) 

Pr 3 + 4 38.98 Ca 2 + 2 11.87 

25 27.11 

PrBr,(MP= 691" C.BP= 1547'C) CaBr,(MP =73(rC si d.BP =i06- 8J2'C) 



Sr 2 + 3 43.60 Cr 2 + 2 16.50 

30 27.10 

SrCLtMP = 875'C BP= 1 250»C) Cr/,(MP = dSb'C.BP = 800 suh vac'C) 



Cr 3 + 4 49.10 Tb 3 + 3 21.91 

27.19 
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CrF,{MP=> 1000»C./?P.-r 1100- l2(Xf CsuU) 

Tbl,(MP ^ 946" C. DP > 1 300»C) 

Sb3. 4 44.20 Co 2. 2 17.06 

5 27.14 

Sba,(MP= 73.4"C.Z?P= 283°C) 

CoCl,{MP = 724' C in HO gas. BP = J049» C) 

Bi3+ 4 45.30 N{2+ 2 ,8.17 

'0 27.13 

BiCl^iMP = 230 - 232" C, DP = 447" C) 

MC/, ( W/> = 100 J- = 973°C 

Pd2 4 3 32.93 inl. 1 5 

'5 27.14 

PdFjiMP = vo/a/) Jna(MP = 225" C. Z?/> = 608' C) 



20 



25 



La 3+ 4 49.95 Dy 3 + 3 22.80 

27.15 

LaCl,(MP = 860»C BP > lOOQ-C) i)yC/,(/W/^ = 7 1 S^C flP = 1500' C) 

La 3 + 4 49.95 Ho 3+ 3 22.84 

2/. 11 

Uly(MP= 772° C) Hol^(MP^ 9S9''C.BP= ISOO'C) 

^ + 2 31.63 K If 1 434 

27.28 

1W0,(MP = 334' C fi/> = subl) KNO,(MP = 334'>C. /?/> = subl) 
K,S,{MP= 470" C) K,Sj{MP = 47 0''C) 
Kl{MPr=6S\"C.BP:=]m"C) KiiMP^m^CBP^mo-'C) 

^® V 3 + 4 46.71 Pd2+ 2 19 43 

27.28 

VF,(A//' > 800'Ci?/> /»i.f,(A//' = 855'CB/> = 1290"C) 
VOa(BP= m-C) PbIj(MP = 402°CJ?/'= 954'C) 



MTU voitiuai 
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Lii3+ 4 45.19 Zn2+ 2 17 96 

27.23 

5 As 3 + 4 50.13 Ho 3 + 3 22 84 

27.29 

As/,(MP = I460C 5P = 403° C) //ol,(Af/' = 989''C.fl;' = 1 300" C) 

Mo 5+ 6 68.00 Sn4+ 4 40 73 

» 0 27.27 

MoCl,{MP= 194- 1, BP =26i-C) 5na,(MP = -33°C..e/> = ) M.i»c) 



I 5 



20 



Sb3+ 4 44.20 Cd2+ 2 16 91 

27.29 

5Wj(A/P= l70°C/rf» = 40rC) Ccll,(A//> = 387''C/?P=796»C) 

Ag 2 + 3 34.83 Ag 1 + 1 753 

27.25 

/lff,(A//> = 690°Cfi/>= 700°CV) AgFiMP^m^CBP | |59»c) 

•-3 3+ 4 49.95 Ef 3 + 3 22 74 

27.21 

I^/,(A^/•= 772°C.B/> = J000°q £r/,(M/'= IO20'C/y/>= I2«0<'n 

2 5 V 4 -f 5 65.23 B 3+ 3 37 93 

27.30 

VCI,(MP=~2B''C.BP= m.5°C) BC\,(MP = -lOl.i'C.BP = 12.5''C) 

Fe 3 + 4 54.80 Ti 3 + 3 27 49 

30 27.31 

FeClyiM P = 306- C, BP 5^ Cd) r»a,(A//> = 440"C 660" C) 

Co 2+ 3 33.50 TI 1 + 1 g 11 

27.39 

3 ^ CoI,(MP=5\5 vac" C. BP = 570° C ) 7/y(A//> = 440° C ri. /i/> = 823" C) 

CoF,{MP ^nOO-C.BP = 1400° C) nF(MP = nTCd.BP = 655°C) 
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8i 3 + 4 45.30 2n 2 + 2 17.96 

27.34 

BU}r,(MP =2]&"C.DP.= 45rC) ZnBr,(M/' = 394" Cd. BP = 6.50" C) 

5 

As 3 + 4 50.13 Dy3+ 3 22.80 

27.33 

y»j/,(My>= H6'>C5/> = 403X) Oyl,(MP = 955°C d.liP= i320°C) 

10 Ho 3+ 4 42.50 Mg 2 + 2 15 03 

27.47 

K 1 + 2 31.63 Rbl + 1 4 18 

1 5 27.45 

Kl{MP = 6\Z'C.BP= I330»C) Rbl(Mr = Ml^C.BP = ISOOT) 

Cr 3 + 4 49.10 Pr 3 + 3 21.62 

27.48 

20 Cra,(MP = 1150-C.BP = nOO'C subl) Pra,(MP= 786»CflP= I700''C) 



Sr 2 + 3 d:^ fin Co o . -> , - ^ 

27.42 

SrCU(MP = BIS'C.BP = 1 250° C) FeCh(hiP = 670^C.BP subi) 

Ni 2 + 3 35.17 Co 1 + 1 7.73 

27.44 

Nia,{MP = 100 J" C.B/» = 97yC subl) CuOiMP = 430*C«P = 1490° C) 

Sr 2 + 3 43.60 Mo 2 + 2 16.15 

27.45 

SrCL(MP = 875° C. BP = 1 250" C) MoCt, 

Y 3-^ 4 61.80 2r4 + 4 34.34 

27.46 

KC/,(iM/'= 72IT.flP= 1507'"C) Z%CI,(MP = ^yrC.BP^ m^C subl) 
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Cd2+ 3 37.48 Ba2+ 2 

27 AS 

Ccil,iAjJ>=m°C.BP :-- 796" C) BaI,[MP^. 740° C) 



10.00 



Ho 3+ 4 42.50 Pb2+ 2 15 03 
27.47 

10 Pd2+ 3 32.93 Lr1+ i 539 

27.54 

PdFj(MP = vo/a/) L\F{MP - 845" C. 5P = J676''C) 

Eu3+ 4 42.60 Mg2+ 2 15.03 

) 5 27.56 

EuCl^iMP == 850" C) MgCljiMP = 7 14» C/7/> = 14 12''C) 



Er 3 + 4 42.60 Mg 2 + 2 15.03 

27.56 

ErClyiMl'^ n4''C.BP= 1 500° C) MgC^MP =714''C,BP = 1412''C) 

B» 4 + 5 56.00 AJ 3 + 3 28.45 

27.55 

BiaAMP= 226»C) AICI,(MP= 190" C. BP ^ mZ^C subl) 

Ca2+ 3 50.91 Sm3+ 3 23.40 

27.51 

CaBr, ( MP = 730° Csld.BP = i06-8\2^C) Sn,Br,{MP subl > 1 000* C) 

V 3 + 4 46.71 La3+ 3 19.18 

27.53 

VaF^ (MP > BOO" C. subl) UCl, (MP = 860" C.BP>\ 000° C) 

Gd3+ 4 44.00 Cr2+ 2 15 50 

35 27.50 

Cdl,(MP = 926° C.BP= I340»C) Cr/,(AfP 856" C. 800° C5«W 
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Mn2+ 3 33.67 Tl 1 + i en 

27.56 

M„ij{MP = 638" C vac. BP = 500" C jhW vac) TIF(MP = 327" C. fi/> = 655" 



Yb3+ 4 43.70 Fe 2 + 2 16.18 

27.52 

YhBr,(MP = 956"C.5P = d) FcBr,[MP = 684"C</) 

Ni 2 + 3 35.17 Ag 1 + 1 7.58 

27.59 

NiCU{MP=im°C.BP=97rCsubl) Aga{MP= 455" CUP.- I550"C) 

>5 Zn2+ 3 39.72 Yb2+ 2 12.18 

27.54 

Z»C/,(A/P = 283"CJ?P= 732"C«/W) YbCl,{MP= m''C.BP= 1900"C) 

Se4 + 5 68.30 Sn 4 + 4 40.73 

2 0 27.57 

SeF,(MP=-lXS<'C,BP> 100° C) SnCl,(MP = -ii^C.BP = I H.1"C) 

.S/»r,(/W/' = 705"CjwW) 

t 

Sb 3 + 4 44.20 Bi 2 + 2 16.69 

27.51 



Eu3+ 4 42.60 Pb2+ 2 15.03 

27.57 

EuF,(MP= ]390'' C.BP = 2280^ C) PbCU{MP^ SOVC.BP = 950" C) 
•'^ an embodiment wherein the anion can be reduced by 

hydrogen, the anion is chemically stabilized. For example, the 
product of the reduction is added lo the gas cell lo stabilize the 
anion. In a further embodiment, the anion can be replaced 
continuously or intermittently. In the case of the nitracc ion. 
3 5 the product ammonia can be removed from the vessel, 
oxidized to nitrate, and returned to the cell. In one 
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embodiment, ihc produci ammonia can be removed from ihc 
vesseJ by coJlcciion in a condenser and can be oxidized to 
niiraic on a platinum or iridium screen at elevated 
temperatures such as 912 X. In a further embodiment, the 
5 nitrate ion to ammonia reaciion can be minimized by 

decreasing the hydrogen pressure while optimizing the vapor 
phase catalytic hydrogen shrinkage reaciion. In an 
embodiment, a low pressure of hydrogen atoms can be 
generated by dissociation of molecular hydrogen on a hot 
1 0 filament or grid 280 of FIGURE ?. A low pressure of molecular 
hydrogen can be maintained via the hydrogen supply 221. the 
hydrogen flow control means 222, and the hydrogen pressure 
measurement and vacuum means 223. The hydrogen 
pressure can be maintained at a low pressure by adjusting the 

1 5 supply through the inlet with flow controller 222 versus the 

amount pumped away at the outlet by the pressure 
measurcmcnl and pump means 223. The pressure can be 
adjusted to maximize the output power while minimizing the 
degradation of nitrate. The optimal hydrogen pressure can be 

2 0 less than about one torr. In an embodiment, the source of 

hydrogen atoms in the gas phase can be a hydrogen 
dissociation means including a hydrogen gas stream blown 
over a hot filament or erid 280 such as a hoi rr-ifmnnrv m*M«i 
including a filament or grid of Ti, Ni. Fc. W, Au. Pt. or Pd at an 

2 5 elevated icmpcraiure such as ISOC'C. The hydrogen 

molecular source can be directed over the filament or grid and 
onto the gaseous source of energy holes. The pressure and 
flow of the hydrogen atoms prohibits the collision of the 
counierion of the source of energy holes {such as the nitrate 
30 ion) from contacting the hot filament or grid. Thus, the 
thermal decomposition or reduction of the anion on the 
filament or grid can be prevented. In another embodiment, a 
negative potential can be maintained as a grid electrode 287 
surrounding the filament or grid. The grid electrode permits 

3 5 the passage of hydrogen atoms from the filament or grid and 

repels the anion from contacting the hot filament or grid. 



76 



1 0 



1 5 



2 0 



25 



30 



35 



Thus, ihc thermal or chemical breakdown of the anion 
(comcrion) can be prevented. 

In an embodiment, the source of energy holes is an 
electrocatalyiic ion or clectrocatalyiic couple comprisins 
cation-anion pairs in the gas phase wherein the catibn-anion 
pairs are dissociated by externa] source means 75 of FIGURE 5 
which includes, for example, a panicle source 75b and/or 
photon source 75a and/or a source of heat, acoustic energy • 
clcctr.c fields, or magnetic fields. 1„ a preferred embodiment, 
the cation-anion pairs arc thermally dissociated by heat 
source 230 or photodissociated by photon source 205 of 
FIGURE 7. 

In another embodiment of the gas energy reactor having 
a gaseous source of energy holes, the source of energy holes ,1 
atomized with an atomizer means 295 to provide a gaseous 
source of energy holes. In a preferred embodiment of the 
atomizer, atoms are boiled, sublimed, or vaporized by a 
heating means such as the boat healing means 299. and the 
gaseous atoms arc ionized to form a source of energy holes 
including the clectrocatalyiic ions or electrocatalytic couples of 
my previous patent applications incorporated herein by 
reference. In one embodiment, the atoms are thermally 

ionized by the heating means 230, bv th^ Kv/irrvo^., ... 

source 280 including a hoi filament or grid, or by an 
inductively coupled plasma flow tube. For example, the gas 
energy cell shown in Figure 7 comprises rubidium or 
potassium mclal in the boat 290 which has a vapor pressure 
that can be controlled by controlling the temperature of Ihc 
boat by heating means 230 and or 299- Hydrogen molecules 
are dissociated lo atoms on the hot filament or grid 280. The 
rubidium (potassjum) metal in the gas phase can be ionized to 
Rb* (K*) by the same or different hoi filament or grid 280. 
The Rb^ (K^/K-») electrocatalytic ion (couple) serves as a source 
of energy holes to shrink the hydrogen atoms. In another 
embodiment, the hot filament or grid 280 comprises a metal(s) 
or can be electroplated wiih a metal(s) which boils off as a 
caijon(s) that are a source of energy holes. For example. Mo^* 
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ions {Mo2* clccirocaialyiic ion) cnicr ihc gas phase of the 
energy cell 200 from ihc hoc molybdenum filameni or grid 
280. The hoi molybdenum nhimcnt or grid 280 also 
dissociates hydrogen molecules \o hydrogen acorns. Por a 
5 funhcr example, Ni2+ and Cu+ ions (Ni^VCu^ elecirocaialylic 
couple) enter the gas phase of the energy cell 200 from ihe 
hoi nickel and hot copper or hoi nickcl-copper alloy filament 
or grid 280. In another embodiment, the photon source 75a 
and the particle source 75b of FIGURE 5, includmg an electron 
I 0 beam, ionize species such as atoms in the gas phase to form 
the source of energy holes including the elecirocaialylic ions 
or clecirocaialytic couples of my previous patent applications 
incorporated herein by reference. In another cmbodimenu 
the atoms oj ions are ionized chemically by a volatilixed 

1 5 rcactanl such as an ionic species which oxidizes or reduces the 

atoms or ions to form a source of energy holes. 

The power of the gas energy reactor can be controlled by 
controlling the amount of the source of energy holes 
(clecirocaialytic ion or couple) in the gas phase and/or by 

2 0 controlling the concentration of atomic or lower-energy 

hydrogen. The concentration of the gaseous source of energy 
holes (elecirocaialylic ion or couple) can be coniroUcd by 
controlling the initial amount of ihc volatile source of encrt?y 
holes (elecirocaialylic ion or couple) present in the reactor. 
-5 and/or by controlling ihc lemperature of the reactor wiih 

leinpcraiurc control means 230 which determines the vapor 
pressure of the volatile source of energy holes (clecirocaialytic 
ion or couple). The reacior lemperaiure further controls the 
power by changing the rate of the catalytic hydrogen 

3 0 shrinkage reaction. The concentration of atomic hydrogen can 

be controlled by controlling ihe amount of atomic hydrogen 
provided by the atomic hydrogen source 280. For example, 
the amount of hydrogen atoms in the gas phase can be 
controlled by controlling the flow of hydrogen over or ihrough 
3 5 the hot filament or grid, the tungsten capillary heated by 

electron bombardment, or the inductively coupled plasma flow 
lube: by controlling the power dissipated in the induciivclv. 
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coupled plasm;. How (ubc; by comroH.ng the leinpcraiurc of 
ihe hoi filament or grid, or the tungsten capillary heated by 
electron bombardment; by controlling the pressure of the 
hydrogen and temperature of the hydride maintained under 
noncquilibrium conditions, and by controlling the rate of 
removal of recombined hydrogen from the cell by pump 
means 223. Another means to control ihc shrinkage reaction 
rate can be by controlling the pressure of a non reactive gas 
with non reactive gas source 299. non reactive gas flow control 
means 232. and pressure racasuremeni and pump means 223. 
The non reactive gas such as a noble gas competes with 
collisions between the source of energy holes (clectrocatalytic 
ion or couple) and hydrogen atoms or competes with collisions 
that yield lower-energy hydrogen disproportionaiion 
reactions. Noble gases include He. Ne. and Ar. Further such 
reaction non reactive " reaction quenching" gases include - 
carbon dioxide and nitrogen. 

The hydrogen partial pressure can be further controlled 
by ihroilling hydrogen into the cell by a hydrogen value 
control means 222 while monitoring the pressure with a 
pressure measurement means 222 and 223. In a preferred 
embodiment, the hydrogen pressure can be controlled by 
cf>ntrol}in» ,hc .emperature with heatin? rr.esBs 230 of the gii.s 
energy reactor which further comprises a hydrogen storage 
means such as a metal hydride or other hydride including" 
saline hydrides, titanium hydride, vanadium, niobium, and 
tantalum hydrides, zirconium and hafnium hydrides, rare 
carih hydrides, yttrium and scandium hydrides, transition 
element hydrides, inicrmetalic hydrides, and their alloys 
known in the art as given by W. M. Mueller. J. P. Blackledgc. 
and G. G. Libowitz. Metal Hvdridr^ Academic Press. New York. 
(1968). Hydrogen in Iniermf^t alic CQmp onndc i Edited by L. 
Schlapbach. Springer-Verlag. Berlin, and Hydrogen in 
I ntcrmctahr Co mcound^. Edited by L. Schlapbach. Springer- 
Verlag. Berlin, which are incorporated by reference herein. 
The temperature of the cell can be controlled by a 
temperature control and measurement means 230 such that 
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ihe vapor pressure of the hydrogen in equihbrium wi.h .he 
hydrogen .moragc ma.criaJ can be the desired pressure. Jn one 
embodiment. nonequiJibrium conditions of ibe hydrogen and 
hydr.de arc maintained by controlliD<. the icmperaturc and 
:> hydrogen pressure to provide atomic hydrogen. I„ several 
emboduncnts. the hydrogen siorage means can be a rare earth 
hydride with an operating temperature of about 800 "C- 
lanthanum hydride with an operating temperature of about - 
700 X; gadolinium hydride with an operating temperature of 
1 0 about 750 X; neodymium hydride w,th an operating 
temperature of about 750 ^C; yttrium hydride with an 
operating temperature of about 800 «C; scandium hydride with 
an operating temperature of about 800 "C; ytterbium hydride 
With an operating temperature of about 850-900 °C; titanium 
hydride with an operating temperature of about 450 °C; 
cerium hydride with an operating temperature of about 950 
°C; praseodymium hydr.de with an operating temperature of 
about 700 X; zirconium-titaniam (30%/5O%) hydride with an 
opcra.ing tcmpera.ure of about 600 X; an alkali metal/alkali 
2 0 metal hydride mixture such as Rb/RbH or K/KH with an 

operating temperature of about 450 «C. and an alkaline earth 
mc.al/alkahnc earth hydride m.xturc such as Ba/BaH, with an 
operating temperature of about 900-1000 "C 

The heat output can be monitored w„h thermocouples 
prescm in at least the vessel 200 and the hea. exchanger 60 of 
FIGURE 5. The rate of the shrinkage reaction rate can be 
monitored by ultraviolet or electron spectroscopy of the 
photons or electrons emitted via lower-energy hydrogen 
transitions, by X-ray photoclectron spectroscopy (XPS) of 
lower-energy hydrogen, and by mass spectroscopy. Raman or 
infrared spectroscopy, and gas chromatography of the 
molecular lower-energy hydrogen (dihydrino). Lower-energy 
hydrogen atoms and molecules are identified by XPS as higher 
binding energy species than normal hydrogen. The dihydrino 
can be identified by mass spcc.^Dscopy as a species with a 
mass to charge ratio of two (m/.=2) thai has a higher 
ionization potential than that of normal hydrogen by recording 
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the ion current as a function of the electron gun energy. The 
(lihydrino can be idcntincd by gas cluomaiography at low 
lempcrature such as gas chromatography with an activated 
carbon (charcoal) column at liquid nitrogen temperature or 
5 with a colunrin chat will separate para from ortho hydrogen 
such as an Rt-Alumina column, or a HayeSep column at liquid 
nitrogen temperature wherein norma! hydrogen can be 
retained to a greater extent than dihydrino. The dihydrino 
can be identified by Raman and infrared spectroscopy as a 
I 0 molecule with higher vibrational and rotational energy levels 
as compared to those of normal hydrogen. The output power 
can be controlled by a computerized monitoring and control 
system which monitors the thermistors, spectrometers, and 
gas chromatograph and controls the means to alter ihe power 

1 5 output. The (molecular) lower-energy hydrogen can be 
removed by a means 201 to prevent the exothermic shrinkage 
reaction from coming to equilibrium. 

In another embodiment of the gas energy reactor having 
a gaseous source of energy holes, hydrogen atoms arc 

2 0 produced by a pyrolysis reaction such as the combustion of a 
hydrocarbon wherein the catalytic source of energy holes can 
be in the gas phase with tfie hydrogen atoms. In a preferred 
mode, the pyrolysis reaction occurs in an internal combustion 
engine whereby the hydrocarbon or hydrogen containing fuel 
comprises a source of energy holes that are vapori^C(i (become 

gaseous) during the combustion. In a preferred mode, the 
source of energy holes (electrocaialytic ion or couple) is a 
thermally stable sail of rubidiim) or potassium such as 
RhF^ fibCL RbBr, RbK Rb,S,. RbOH. Rb.SO,. Rb.CO,, Rb.PO,. and 

3 0 KF. KC/. KBr. KI. K,S,, KOH. K,50,, K,CO,. K.PO^.K.GeF,. 

Additional counterions of the cicctrocatalytic ion or couple 
include organic anions including wetting or emulsifying agents. 
In another embodiment, the hydrocarbon or hydrogen 
containing fuel further comprises water as a mixture and a 
3 5 solvated source of energy hole? including emulsified 

electrocataiytic ions or couples. During the pyrolysis reaction, 
water serves as a further source of hydrogen atoms which 
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undergo a shrinkage rcaclion catalyzed by the source of 
energy holes wherein the walcr can be dissociated lo 
hydrogen atoms thermally or catalytically on a surface such as 
the cylinder or piston head which can be comprised of 
materia) which dissociates water lo hydrogen and oxygen. The 
water dissociation material includes an clement, compound, 
alloy, or mixture of transition elements and inner transition 
Clements, iron, platinum, palladium, zirconium, vanadium 
nickel, tiiaiuum. Sc. Cr. Mn. Co. Cu, Zn. Y. Nb. Mo, Tc. Ru. Rh Ag 
Cd. La. Hf. Ta. W. Re. Os. Ir. Au. Hg. Ce, Pr. Nd. Pm, Sm. Eu. Gd ' 
Tb. Dy. Ho, Er. Tm. Vb. Lu. Th. Pa. U. activated charcoal 
(carbon), and intercalated Cs carbon (graphite). 

TOWER DENSITY OF GAS ENERGY REACTOR (GAS PHASE 
1 5 HYDROGEN SHRINKAGE REACTION) 

The equations numbers which follow referred to those 
given by Mills (Mills. R.. The Grand Unifi ed Th«r>rv nf ^ ..^j.^i 
QM J l lum Mgchani c ^ . (1995). Tecbnomic Publishing Company 
Lancaster. PAJ. The rate of the disproportionation reaction. ' 

to cause resonant shrinkage. Eqs. (5.22-5.30). is 
dependent on the collision rate between the reactants and the 
efHciency of resonant energy transfer. It is given by the 
product of the rate constant. lt.....(Eo. (5.47)). ih^ 

number of hydrogen or hydrino atoms. A'„. and the efficiency. 
£ (Eq. (6.33)). of the transfer of the resonance shrinkage 
energy from the donor hydrino atom lo (he energy hole 
provided by the acceptor hydrino atom. 

'it] (6.37) 

where / is the distance between the donor and the acceptor. J 
is the overlap integral between the resonance shrinkage 
energy distribution of the donor hydrino atom and the 
distribution of the energy hole provided by the acceptor 
hydrino atom, q is the dielectric constant, and k' is a function 
of the mutual orientation of the donor and acceptor transition 
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momcn.s. Electronic .ransitions of lower-encrgy hydro.en 
atoms occur only by nonradianvc energy transfer; thns .h^ 
quantun, yield of the fluorescence of ,he donor <, of V 

lea'cUo^ 7'' I ^ '"^ d,spropor,.:'na.ion" 

reaction, r^^.^, ,o cause resonant shrinkage is 



0 



The factor o/ one half in E,. (6.38) corrects for double coumin.; 
of colhstons (Levine. 1., Physical Chemistry. McGraw Hill l 
Company. New York. (1978). pp. 420-42l/ The pow" / °' 



.s given by the product of the rate of the transition. Eq. (6 38) 
and the energy of the disproporiination reaction (Eq (5 27)) 



where V i, ^ disproportionation reaction il^"^^^ 

tl'e gas phase, the energy transfer efficiency is one The 
power gjven by substitution of 

""o Eq. (6.39) is ^ ' 

Z'.,..., = IGU/(ikH//o»') (6 41) 

In the case that the reaction of hydrogen to iowcr- 
cncigy states occurs by the reaction of a ca.aly.ic source of 
energy holes wuh hydrogen or iiydrino atoms. ,|,e reaction 
rate ,s dependent on the collision rate between the reactants 
nnd the efficiency of resonant energy .ransfer. The hydrogen- 

:;iume""z""'"''^'"r""''""" 

• .j^^Jc-^.' * Sas containing hydrogen or 
hydrino atoms per unit volume, each with radius ^ and 

itTlL-'" ''"'-"'alytic ions per unit vofume. each 

with radius r^^^, and velocity v, is given by Levine (Levine I 

n97r' ^'"ZT\ ^-'^ C-Pany. New York. 
(iV/o). pp. 420-421 J. 

f V 

^j'f] C.U,,.. ^"[ p'' J + M'fn„n, (6.42) 
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The average velocity, can be calculated from .{.e 
temperature. T. (Buechc. F. J.. In.roduction lo Physics for 
Sccntisis and Engineers. McGraw-Hjl) Book Company Nev. 
York. (1986). pp. 26 J -265]. 



2 '"""^ = 2 



where i is Boltzmann-s consiani. Substitution of Eq (5 44) 
•nto tq. (5.42) gives the collision rale per unit volume 

'^""^^ temperature, r. 



(6.43) 



a 



H 



i 



tn 



The rate of the catalytic reaction. ,0 cause resonant 

^«|!«]c^,„« •^''^ V. and the efficiency. of 



(6.44) 



rcsonani energy transfer given by Eq. (6.37) 



i 



3kT\ 



1 I 

— -f — 



(6.45) 
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The power. P^^, is given by the product of the rate of the 
transmon. Eq. (6.45). and the energy of the transition. Eq. 

(6.46) 

In the case of a gas phase catalytic shrinkage reaction wherein 
the source of energy holes is a single ration having an 
.on.zafon energy of 27.21. V with hydrogen or bydrino atoms 
the energy transfer efficiency is one. Rubidium (Rb') is an 
clcctrocatalytic ,on with a second iontzat.on energy of 27 28 eV 
The power for the reaction given by Eqs. (5.9). (5.10). and 
(5.8) with the substitution of 

rnc = 1.4 X kg. = 2.16 X W" m.T^615K 
inio Eq. (6.46) is 

P..,. = 55GWi55kWUn,>) ^g^g^ 



(6.47) 
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In .he case ,ha, ,hc c.aJyt.c .cac.on of hydrogen ,o ,„wcr 
<--nergy s.a.es occurs o„ a surface, .he energy ransfer 
cfncency .s ,ess .han one due .o ciiffercn.ia ' ...r^: 
interactions of ihe absorbed hydrocen nr h»A ■ 
5 the e)ec,roca.aIync ion The ZT ' """'^ 

{6.47) whh ' '^'^^ (^'^6) 

£ = 0.001 

is (6.49) 

,= 55 AfW (55 W/cm^) 

10 1 <.cr ff (6.50) 

Less cfficieni caialvtic w^tf^mc 

.hree resonator cavuies. For example, an Cec onTra's^e, 
occurs between two ca.ons which co.pr.ses an energy o e 
for a hydrogen or bydrino atom. The reaction rate is 

dependent on the colUsion rate between catalv,.. . 
hvdrno^n I ^ ■ "ciwccn catalytic cations and 

cause resonant shrinkage is g.vca by the nroduri nf 
collision rate per uni, volume Z T 

.he efficiency. E,. of resonati. ener'gy transfer given by 

t o : ^ '"^ ^--^^ ^'--ce between 

cations m the reaction vessel. 

The power. />,^. is g.ven by the product of the rate of the 
-nsition. E,. (6.51). and the energy of the transition. Eq. 



1 5 



(6.51) 



30 



(6.52) 

A catalytic system that hinges on .he coupling of three 
onator cavities involves potassiu.. For eL„p,e L 

second ionization energy of potassium is 3163.1/ ih . 

hole .s obviously ,oo high for resonant .he 

releases 4 34 .V whe^ i. h . "'^'^^P"**"- "o^'^^^'r. 

.34 .V Hhen H ,s reduced ,o K. The combination 
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of K- 10 K^- and A" to K. then, has a net energy change of 
27.28 .V. Consider the case of a gas phase catalytic shrinkage 
reaction of hydrogen or hydr.no atoms by potassium tons as 
>hc clectrocatajytic couple having an energy hole of 27 28 .V 
The energy transfer efficiency is g.ven by Eq. (6.37) where r 
»s given by the average distance between cations in the 
reaction vessel. When the A" concentration is 3 ;no» -^1 , „ 
approximately bXW^m. For 7 = I. = i. = ^ , 
(based on the vibrational frequency of A'//'), and m = l m Eq 
(5.8), the energy transfer efficiency. is approximately O.OOI. 
The power for the reaction given by Eqs. (5.13). (5.14). and 
(5.8) with the substitution of 

f = 0.00l.p = l. m=I. V = l/n\ /V,, =3XlO".A/j. = 3;f 10^'. 

m^-6.5.YJ0-»kg. = 1.38X10 '*' m. 7 = 675 AT ^^"^^^ 
into Eq. (6.52) is 

P,., = 300 MW (300 H' / an') ,g 54) 

jCtai_l)ischarpy trnerpv Rftartnr 

A gas di.scharge energy reactor comprises a hydrogen 
isotope gas filled glow discharge vacuum chamber 300 of 
MGURE 8 including an ozonizcr-iype capacitor, a hydrogen 
source 322 which supplies hvdro«'<>n m th^ ^k^^i.-, qaa 
through control valve 325. and a voltage and current source 
330 to cause current to pass between a cathode 305 and an 
anode 320. Jn one embodiment comprising an ozonizcr-type 
capacitor gas discharge cell, one of the electrodes can be 
shielded by a dielectric barrier such as glass or a ceramic 
moiety. In a preferred embodiment, the cathode further 
comprises a source of energy holes of approximately 
mX27.21^V to cause atomic hydrogen •shrinkage" and/or 
approximately nOCAti.teV to cause molecular hydrogen 
"shrinkage- where m is an integer (including the 
elecirocatalytic ions and couples described in my previous U.S. 
patent applications entitled "Energy/Matter Conversion 
Methods and Stnictures". Serial No. 08/467.051 filed on June 
6. 1995 which is a continuation m-pari application of Serial 
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No. 08/416,040 filed on April 3. 1995 which i.s a conunua.ion- 
in-pan appl.caiion of Serial No. 08/107.357 filed on Aiiausi 
16. 1993. which is a corninuation-in-par( appi.cai.on of Serial 
No. 08/075.102 (Dki. 99437) filed on June 11. 1993. which is a 
.-) conunuaiion-in-part application of Serial No. 07/626 496 filed 
on December 12.1990 which is a coniinuai.on-in-pan 
apphcaiion of Serial No. 07/345.628 filed Apnl 28. 1989 
which is a continuation-in-pan application of Serial No 
07/34J.733 filed Apral 21, 1989 wh.ch are incorporated by 
reference). A preferred cathode 305 for shrinkins hydrogen 
atoms ,s a palladium cathode whereby a resonant cncr^iy hole 
can be provided by the ionization of electrons from palladium 
«o the discharge current. A second preferred cathode 305 for 
shrinking hydrogen atoms comprises a source ol energy holes 
via electron transfer to the discharge current including at least 
one of beryllium, copper, platinum, zinc, and lelhirium and a 
hydrogen dissociating means such as a source of 
clcciromagnciic radiation including UV light provided by 
photon source 350 or a hydrogen dissociating material 
2 0 including the transition elements and inner iransicon 

Clements, iron, platinum, palladium, zirconium, vanadium 
nickel, titanium. Sc. Cr, Mn. Co. Cu. Zn. Y. Nb. Mo. Tc, Ru Rh A" 
Cd. La, Hf. Ta. W. Re. Os. !r. Aa Cc P.- < - ■ - • 

lb. Dy. Mo. Er. Tm. Vb. Lu. Th. Pa. U. aciivated charcoal 
(carbon), and intercalated Cs carbon (graphite). The reactor 
further comprises a means to control, the energy dissipa.ed in 
«hc discharge current when electrons arc transferred from an 
electron donating .species to provide an energy hole for 
hydrogen atoms (molecules) including pressure controller 
means 325 and current (voltage) source 330. The gas 
discharge energy reacior further comprises a means 301 to 
remove the (molecular) lower-energy hydrogen s„ch as a 
selective venting valve to prevent the e;(oihermic shrinkage 
reaction from coming to equilibrium. 

In another embodimeni of the gas discharge energy 
reactor, the source of energy hole can be one of a inelastic 
photon or particle scaiicring reaction(s). In a preferred 
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embodiment ihc photon source 350 supplies the energy holes 
where ihe energy hole correspondj; to stimulated emission by 
the photon. In the case of a reactor which shrinks hydrogen 
atoms, the photon source 350 dissociates hydrogen molecules 
5 inio hydrogen atoms. The photon source producmg photons of 
at least one energy of approximately rnX27.2\ fV, '~X21.2] eV, or 
40.8 ^-V causes scimulaled emission of energy as the hydrogen 
aioms undergo ihc shrinkage rcaciion. In anoiher preferred 
cmbodimenl. a photon source 350 producing photons of ai 
10 Jeasi one energy of approximately mX4K.() eV ^ 95 J eV ^ or 
/nA^3l,94^V causes slimulaied emission of energy as the 
hydrogen molecules undergo the shrinkage reaciion. 

In anoiher cmbodimenl, a magnetic field can be applied 
by magnetic field generator 75 of FIGURE 5 to produce a 
I 5 magnetized plasma of the gaseous ions which can be a 
nonlinear media. Coupling of resonator cavities and 
enhancement of the transfer of energy between them can be 
increased when ihe media ,s nonhnear. Thus, ihc Fcaciion rate 
(transfer of the resonance shrinkage energy of the hydrogen 
atoms to the energy holes, the elecirocaialyiic ions or couples) 
can be increased and conirolled by providing and adjusting 
the applied magnetic field strength. 

In one embodiment of the method of operation of ihc 
gas discharge energy reactor, hydrogen frorn source 332 can 
^5 be introduced inside of ihe chamber 300 through conirol valve 
325. A current source 330 causes current to pass l>eiween o 
cathode 305 and an anode 320. The hydrogen contacis the 
cathode which comprises a source of energy holes of 
approximately mX27.2\ eV lo cause atomic hydrogen 
3 0 "shrinkage" and approximately mX^g.G€V to cause molecular 
hydrogen "shrinkage" where m is an inieger. In a preferred 
cmbodimenl, electrons arc transferred from an electron 
donating species present on the cathode 305 lo ihe discharge 
current to provide energy holes for hydrogen atoms 
3 5 (molecules). In the case of a reacior which shrinks hydrogen 
atoms. Ihc molecular hydrogen can be dissociated inio atomic 
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hydrogen by a dissociaiing material on ilic cadiode 305 or by 
a source of electromagneiic radiation incJuding UV l,ohi 
provided by photon source 350 such that the dissociated 
hydrogen atoms contact a source of energy holes including a 
molten, liquid, gaseous, or solid source of the energy holes. 
The atomic (molecular) hydrogen releases energy as its 
electrons are stimulated to undergo transitions to lower 
energy levels by the energy holes. The energy dissipated in 
the discharge current when electrons are transferred from an 
electron donating species can be controlled to provide an 
energy hole equal lo the resonance shrinkage energy for 
hydrogen atoms (molecules) by controlling the gas pressure 
from source 322 with pressure controller means 325 and the 
voltage with the current (voltage) source 330. The heat 
output can be monitored with thermocouples present in at 
least the cathode 305. the anode 320. and the heat exchanger 
60 of FIGURE 5. The output power can be controlled by a 
computerized monitoring and control system which monitors 
the thermistors and controls the means to alter the power 
output. The (molecular) lower-energy hydrogen can be 
removed by a means 301 lo prevent the exothermic .shrinkage 
reaction from coming lo equilibrium. 

In another embodi.T.cr.; of the gas dischiige energy 
reactor, a preferred cathode 305 comprises the catalytic 
2 5 material including a spillover catalyst described in the 
Pressurized Gas Energy Reactor Section. 

Another embodiment of the gas discharge energy reactor 
comprises a gaseous source of energy holes wherein the 
shrinkage reaction occurs in the gas phase, and the gaseous 
hydrogen atoms are provided by a discharge of molecular 
hydrogen gas. In a further embodiment the gaseous source of 
energy holes can be provided by a discharge current which 
produces the gaseous source of energy holes (clectrocatalytic 
ion or couple) such as a discharge in potassium metal to form 
3 5 K+/K^ rubidium metal to form Rb*. or titanium metal to form 
T|2*. The embodiment comprises a hydrogen isotope gas filled 
glow discharoc chamber 300. The glow discharge cell can be 
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operated ai an elevated lemperamre such this ihc source of 
energy holes (elcccrocaiaJytic ion or couple) can be sublimed, 
boiled, or volatilized into the gas phase. In an embodiment, 
the counierion of the source of energy holes (cleciroca.alyijc 
5 ion or couple) can be the hydride anion (W) such as rubidium 
hydride (Rb+ clectrocatalyiic ion) and/or potassium hydride 
(K+/K+ eiectrocalaiytic couple). 

In an cmbodimeni. the source of energy holes can be an 
eiectrocalaiytic ion or eiectrocalaiytic couple comprising 
1 0 cation-anion pairs in the gas phase wherein ihe caiion-anion 
pairs are dissociated by external source means 75 of FIGURE 5 
which includes, for example, a particle source 75b and/or 
photon source 75a and/or a source of heat, acoustic encrsy. 
electric fields, or magnetic fields. In a preferred cmbodimeni. 
1 5 the caiion-anion pairs arc thermally dissociated by heat 

source 75 of FIGURE 5 or photodissociatcd by photon source 
350 of FIGURE 8. 
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Refripcraiif^fi Means 

A furthci embodiment of ihe prcseni invention 
comprises a refrigeration means which comprises the 
electrolytic cell of FIGURE 6. the pressurized hydrogen gas cell 
uf FIGURE 7. and ihe hydrogen gas discharge ccJ) of FIGURE 8 
of Ihe present invention wherein a source of lower-energy 
atomic (molecular) hydrogen is supphed rather than a source 
of normal hydrogen. The lower-energy hydrogen aioms arc 
reacted lo a higher energy state with the absorption of hcai 
energy according to the reverse of the catalytic shrinkage 
reaction such as those given by Eqs. (4-6); (7-9); (10-12); (13- 
30 15); (16-18); (48-50): (51-53): (54-56); (57-59): (60-62). {6.V 
65). (66-68). (69-71). (72-74). and (75-77). The lower-energy 
hydrogen molecules are reacted to a higher energy state wiih 
the absorption of heal energy according to the reverse of Ihe 
catalytic shrinkage reaction such as thai given by Eqs. (78-80): 
3 5 (81-83): (84-86); (88-90). and (91-93). In this cmbodimeni. 
means 101. 201 and 301 of FIGURES 6. 7. and 8. respectively, 
serve to remove the normal hydrogen such as a selective 
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vcming valves to prevent .he cndoihcrmic reaciion from 
coming lo cquiJibrium. 
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Hydroeen Aiom/<) .n,}/nr Lower-Fn /^rpy Hvffrnrcn 
Moleciilff(«t) 



The prcscni invcniion further comprises molecules 
containing lower-energy hydrogen atoms. Lower-energy 
hydrogen can be reacted with any atom of Uie periodic chart 
or known organic or inorganic molecule or compound or metal 
nonmctal. or semiconductor to form an organic or inorganic 
molecule or compound or metal, nonmeial, or semiconductor 
contatmng lower-energy hydrogen atoms and molecules The 
reactants with lower-energy hydrogen include neutral atoms 
negatively or positively charged atomic and molecular iotis 
and free radicals. For example, lower-energy hydrogen can be 
reacted with water or oxygen to form a molecule containing 
lower-energy hydrogen and oxygen, and lower-energy 
hydrogen can be reacted w.th singly lomzcd helium to form a 
molecule containing helium and lower-energy hydroeen 
Lower-energy hydrogen can be also reacted with metlls l„ 
one embodiment of the electrolytic cell energy reactor, lower- 
cr.ergy hydrogen pr;><Juccd duri„o upciaiion at the cathode 
can be incorporated i«,o the cathode by reactine with it: thus 
a metaMowcr-energy hydrogen material can be'^ produced. |„ 
all such reactions, the reaciion rate and product yield are 
increased by applying heat, and/or pressure. 

Lower-energy hydrogen molecules (dihydrinos) are 
purified from hydrogen gas by combustion of the normal 
hydrogen. Oxygen can be mixed with the sample to be 
purified, and the sample can be ignited, in a second 
embodiment of the method of dihydrino purification, the 
sample can be flowed over a hydrogen rccombincr which 
reacts with the normal hydrogen in the gas stream to form 
water. In a third embodimei . lower-energy hydrogen 
molecules (dihydrinos) are collected in a cathode of an 
electrolytic energy reactor of the present invention such as a 
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iiicial cathode including a nickel cathode or a carbon cathode. 
The cathode can be heated in a vessel to a first temperature 
which causes normal hydrogen lo f>rcfcrentially off gas by 
external heating or by flowing a cuireni through ihc cathode. 
5 The norma) hydrogen can be pumped off, then ihe cathode can 
be healed lo a second higher lempcrature at which dihydrino 
gas can be released and collected. In a fourth embodiment, 
ihe gas sample is punfjcd by cryofiliration including gas 
chromatography at low temperature such as gas 
J 0 chromatography with an aclivaied carbon (charcoal) column at 
liquid nitrogen lemperalure and with a column which will 
separate para from onho hydrogen such as an Rl-Alumina 
column, or a HayeSep column ai liquid nitrogen temperature 
wherein normal hydrogen can be retained to a greater extent 
1 5 than dihydrino. In a fifth embodiment, the gas sample is 

purified by cryodisiillation wherein normal hydrogen can be 
liquefied and separated from gaseous lower-energy hydrogen 
(dihydrino). The dihydrino can be conceniraicd by 
liquefaction in liquid helium. 
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EXJ>E RIMH NTA L VERIFICATION OFTHT^ PRF^CP Kfr tuphpv 



The arijcle by Mills and Good (Mills, R.. Good, W.. 
"Fractional Quantum Energy Levels of Hydrogen", Fusion 
Technology. Vol. 28. No. 4, November. (1995). pp. 1697-17191 
describes the determination of excess heat release during ihc 
electrolysis of aqueous potassium carbonate by the very 
accurate and reliable method of heal measurement, flow 
3 0 calorimetry; describes the experimental identification of 
hydrogen atoms in fractional quantum energy levels — 
hydrinos— by X-ray Phoioeleciron Spectroscopy (XPS); 
describes the experimental identification of hydrogen atoms in 
fractional quantum energy levels — hydrinos~by emissions of 
3 5 soft x-rays from dark matter; describes the experimental 
identification of hydrogen molecules in fractional quantum 
energy levels — dihydrino molecules by high resolution 
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magnetic sector mass spectroscopy with ionizaiion energy 
determination, aiul gives a summary. 

In summary; 

5 The complete theory which predicts fractional quanium 

energy levels of hydrogen and the exothermic reaction 
whereby lower-energy hydrogen is produced is given 
elsewhere (Mills, R., The Grand Unified Theory of Classical 
Quantum Mechanics . (1995), Tcchnomic Publishing Company. 
I 0 Lancaster, PA provided by HydroCatalysis Power Corporation. 
Great Valley Corporate Center, 41 Great Valley Parkway^ 
Malvern, PA 19355, R. Mills; Unification of Spacecimc, the 
Forces. Matter, and Energy (Tcchnomic Publishing Company. 
Lancaster. PA, 1992)). 

1 5 Excess power and heat were observed during the 

electrolysis of aqueous potassium carbonate. Flow calorimciry 
of pulsed current electrolysis of aqueous potassium carbonate 
at a nickel cathode was performed in a single-cell dewar. The 
average power out of 24.6 watts exceeded the average input 

2 0 power (voltage times current) of 4.73 wans by a factor greater 

than 5. The total input energy (integration of voltage limes 
current) over the entire duration of the experiment was 5.72 

•v,4\.ion.">. ii»C twiai wuiput ciicigy was JVIJ. rVO CXCCSS 

heat was observed when the electrolyte was changed from 

2 5 potassium carbonate to sodium carbonate. The source of heat 

is assigned to the elecirocataiytic, exothermic reaction 
whereby the electrons of hydrogen atoms are induced to 
undergo transitions to quantized energy levels below the 
conventional "ground state". These lower energy states 

3 0 correspond to fractional quantum numbers: n = 1/2, 1/3. J/4, 

... . Transitions to these lower energy states arc stimulated in 
the presence of pairs of potassium ions (K+/K+ clectrocatalyiic 
couple) which provide 27.2 eV energy sinks. 

The identification of the n = 1/2 hydrogen atom , H(n = 
3 5 1/2) is reported. Samples of the nickel cathodes of aqueous 
potassium carbonate electrolytic cells and aqueous sodium 
carbonate electrolytic cells were analyzed by XPS. A broad 
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peak ccmered at 54.6 eV was prcscnl only m the cases of the 
potassium carbonate cells. The binding energy (in vacuum) of 
H(n = 1/2) is 54.4 cV. Thus, the ihcoretical and measured 
binding energies for H(n =^ i/2) are in excellent a^rcemcm. 
5 Further experimental identification of hydnnos— down to 

H(n = 1/8)— can be found in the alternative explanation by 
Mills ct al. for the soft X-ray emissions of the dark inlersiellar 
medium observed by Labov and Bowycr [S. Labov and S. 
Bowyer, Astrophysical Journal. 371 (1991) 810] of the 
1 0 Extreme UV Center of the Universily of California. Berkeley. 
The agreement between the experimental spectrum and the 
energy values predicted for the proposed transitions is 
remarkable. 

The reaction product of two H(n=I/2) atoms, the 

1 5 dihydrino molecule, was identified by mass spectroscopy 

(Shrader Analytical & Consulting Laboratories). The mass 
spectrum of the cryofillered gases evolved during the 
electrolysis of a light water K2CO3 electrolyte with a nickel 
cathode demonstrated that the dihydrino molecule, H2(n = 

2 0 1/2), has a higher ionization energy, about 63 cV. than normal 

molecular hydrogen, H2(n ^ 1). 15.46 cV. The high resolution 
(0.001 AMU) magnetic sector mass spectroscopic analysis of 
ihc posicombusiion gases indicated the presence ol two peaks 
of nominal mass two at 70 eV and one peak at 25 eV. The 

2 5 same analysis of molecular hydrogen indicates only one peak 

at 25 eV and one peak at 70 cV. Jn the case of the 
posicombusiion sample at 70 cV, one peak was assigned as ihe 
hydrogen molecular ion peak. H2 (n = 1), and one peak was 
assigned as ihc dihydrino molecular peak, H2(n = 1/2) which 

3 0 has a slightly larger magnetic moment. 

Exam ple 7 

In the January 1994 edition of Fusion Technology, (Mills, 
R., Good. W., Shaubach, R.. "Dihydrino Molecule Identification", 
3 5 Fusion Technology. 25, 103 (1994)) Mills ct al. review and 
present three sets of data of heat production and "ash" 
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identification incJuding the work of HydroCatalysIs Power 
Corporation (Expcriinenis #l-#3) and Tlicrmacore. Inc. 
(Expcrimenis H 4-*14). 



5 In summary: 

Mills et al. report the experimental evidence supporting 
»hc Mills theory that an exothermic reaction occurs wherein 
the electrons of hydrogen atoms and deuterium atoms are 
stimulated lo relax to quantized potential energy levels below 
1 0 that of the "ground state" via electrochemical reactants K"* and 
K + ; Pd2* and Li*, or Pd and O, of redox energy resonant with 
the energy hole which stimulates this transition. Calorimeiry 
of pulsed current and continuous electrolysis of aqueous 
potassium carbonate (K+/K+ electrocaialyiic couple) at a nickel 
cathode was performed. The excess power out of 41 watts 
exceeded the total input power given by the product of the 
electrolysis voltage and current by a factor greater than 8. 
The "asb- of the exothermic reaction is atoms having electrons 
of energy below the 'ground state" which are predicted to 
form molecules. The predicted molecules were identified by 
lack of reactivity with oxygen, by separation from molecular 
deuterium by cryofiliralion. and by mass spectroscopic 



1 5 



20 



2 5 



30 



35 



anal jrM> 



The combustion of the gases evolved during the 
electrolysis of a light water K2CO3 electrolyte (K+/K + 
clccirocatalyiic couple) with a nickel cathode was incomplete. 
The mass spectroscopic analysis (Air Products & Chemicals. 
Inc.) of uncombusted gases demonstrated that the species 
predominantly giving rise to the m/e = 2 peak must have a 
different m/c = 1 to m/e = 2 production efficiency than 
hydrogen. And. the further mass spectroscopic analysis of the 
m/e = 2 peak of the uncombusted gas demonstrated that the 
dihydrino molecule. HjCn = 1/2). has a higher ionization 
energy than H2. 

According to the analysis by Mills ct al. of the raw data. 
Miles of the China Lake Naval Air Warfare Center Weapons 
Division observed the didcutrino molecule as a species with a 
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mass .o charge ra.io of four and hav„.g a higher .on.za.ion 
potential than normal molecular deutcr.um. M.lcs was usino 
mass spectroscopy to analyse the cryof.l.ercd gases evolved"^ 
from excess power producing electrolysis cells (palladium 
cathode and a UOD/D3O electrolyte; an elec.rocata.yuc couple 
of 27.54 eV). (B. F. BUSH. J. J LAGOWSKl. M. H MILES and G 
S. OSTROM. Helium Production During the Electrolysis of D.O 
in Cold Fusion Experiments". J. Electroanal. Chem 304 271 
(1991); M. H. MILES. B. F. BUSH, G. S. OSTROM and J J ' 
LAGOWSKl. "Heat and Helium Production in Cold Fusion 
Expenments". Proc. Conf. The Science of Cold Fusion Como 
Italy. June 29-July 4. 1991. p. 363, T. BRESSaNI E DEL ' 
GIUDICE. and G. PREPARATA. Eds.. SIF (1991); M. H. MILES R 
A. HOLLINS. B. F. BUSH. J. J. LAGOWSKl. and R. E J Mil ES 
Correlation of Excess Power and Helium Production Durin- 
D2O and H2O Electrolysis Using Palladium Cathodes" J 
Electroanal. Chem., 346. 99 (1993); M. H. MILES and B F BUSH 
Search for Anomalous Effects Involving Excess Power and 
Helium Daring D2O Electrolysis Using Palladium Cathodes " 

I992 Tm]^"""^' ^^'"^ '^^-^^^ 

Palladium sheets coated on one side wnh a hydrogen 
:mpsr;r.ca.r. gold layer and coated oi. (he oiher surface w,th 
an oxide coa, (MnOx. AlO^. SiO;,) were deuterium or hydrogen 
loaded a. NTF Laboratories. Heat was observed from ligh, and 
heavy hydrogen only when the mixed oxide coat was present 
(Pd/O, clectrocatalytic couple). The high resolution (.001 
AMU) quadrapolc mass spectroscopic analysis of the gases 
released when a current was applied to a deuterium (99 9%) 
oaded MnOx coated palladium sheet indicate the presence of a 
large shoulder on the Dj peak which Mills et al. assign to the 
d.deutrino molecule. D2(n = J/2). |E. YAMAGUCHI and T. 
NISHIOKA. "Direct Evidence for Nuclear Fu.sion Reactions in 
Dcuicraied Palladium." Proc. 3rd Int. Conf. Cold Fusion 
Nagoya. Japan. October 21-25. 1992. p. 179; E. YAMAGUCHI 
and T. NISHIOKA. "HeIium-4 Production from Deuteralcd 
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Palladium al Low Energies." NTT Basic Research Laboratories 
arid IMRA Europe S. A.. Personal Communicaiion (J992)). 

Pennsylvania Stale University has determined excess 
heal release from flowing hydrogen in the presence of nickel 
oxide powder containing strontium niobium oxide (Nb3+/Sr2 + 
clccirocataJytic couple) by the very accurate and reliable 
method of heat mcasurcmcnl. thermopile conversion of heat 
into an electrical output signal (Phillips, J.. "A Calorimetric 
Investigation of the Reaction of Hydrogen with Sample PSU 
#1". September II. 1994. A Confidential Report submitted to 
HydroCatalysis Power Corporation provided by HydroCatalysis 
Power Corporation. Great Valley Corporate Center. 41 Great 
Valley Parkway. Malvern. PA 193.55]. Excess power and heal 
were observed w,ih flowing hydrogen over ihe catalyst which 
increased with increasing flow rate. However, no excess 
power was observed with flowing helium over the 
catalyst/nickel oxide mixture or flowing hydrogen over nickel 
oxide alone. As shown in FIGURE 9. approximately 10 cc of 
nickel oxide powder containing stronlium niobium oxide 
immediately produced 0.55 W of steady state output power at 

523 V.'.hrr •^• • ' • ■ 

.V. .,,.».„ „„. gas v,aj >wHCiico irom nyorogcn to helium. 

the power immediately dropped. The swiich back to hydrogen 
restored the excess power output which continued to increase 
until the hydrogen source cylinder emptied at about the 
40.000 second time point. With no hydrogen flow the output 
power fell to itio. 

The source of heal is assigned to the elecirocaialytic. 
exothermic reaction whereby the electrons of hydrogen aloms 
are induced to undergo transitions to quantized energy levels 
below the convenlional 'ground state". These lower energy 
Slates correspond to fractional quantum numbers: n = 1/2. 

Transitions to these lower energy states are 

siimulaied in the presence of pairs of niobium and strontium 
ions (Nb3+/Sr2+ elecirocatalytic couple) which provide 27.2 eV 
energy sinks. 
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Examp le 4 . 

The article in the Spcc!ral Daia of Hydrjnos Iroin the 
Dark Iniersiellar Medium and from the Sun Seciion of Mills 
5 (Mills, R., liie Grand Unified Thgio rv of Cla5;^iral Qti^nn^t 

Mechanics , (1995), Tcchnomic Publishing Company/ Lancaster. 
PA] describes the expcrimcnlal idenlificalion of hydrogen 
atoms in fraciional quantum energy levels— hydrinos— by 
emissions of soft X-rays from dark mailer and the Sun, 
I 0 provides a resolution to the Solar Neutrino Problem, the 

Temperature of the Solar Corona Problem, the Broadening of 
the Hydrogen 91L8A Line Problem, the Temperature of the 
Transition from "Radiation Zone" to "Convection Zone" Problem, 
the Cool Carbon Monoxide Clouds Problem, the Stellar Age 

1 5 Problem, the Solar Rotation Problem, the Solar Flare Problem, 

and the problem of the ionizing energy source of hydrogen 
planets, and describes the experimental identification of 

hydrogen atoms in fractional quantum energy levels 

hydrinos— by spin/nuclear hypcrfine structure transition 

2 0 energies obtained by COBE for which no other satisfactory 

assignment cxisis. 



!n summary: 

As shown in Table 1 Mills (Mills. R.. The Grand U nified 
Theory of Classical Quantum Mechanics (1995). Tcchnomic 
Publishing Company. Lancaster, PA J, hydrogen transitions to 
electronic energy levels below the "ground" state 
corresponding to fractional quantum numbers predicted by 
Mills' theory match the spectral lines of the extreme 

3 0 ultraviolet background of interstellar space. And, hydrogen 
disproportionation reactions yield ionized hydrogen, energetic 
electrons, and hydrogen ionizing radiation. This assignment 
resolves the paradox of the identity of dark matter and 
accounts for many celestial observations such as: diffuse Ha 

3 5 emission is ubiquitous throughout the Galaxy, and widespread 
sources of flux shortward of 912 /i are required (Labov, S.. 
Bowyer, S., "Spectral observations of the cxifcme ultraviolet 
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background". The Asirophysical Journal. 371. (1991). pp. 810- 
819). 

Further experimental identification of hydrinos — down «c 
H(n - 1/8) — can be found in the alternative explanation by 
5 Mills for the soft X-ray emissions of the dark jntersicllar 
medium observed by Labov and Bowyer (S. Labov and S. 
Bowyer, Astrophysical Journal, 371 (1991) 810J of the 
Extreme UV Center of the University of California, Berkeley, 
The agreement between the experimental specirnm and the 
J 0 energy values predicted for the proposed transitions is 
remarkable. 

The paradox of the paucity of solar neutrinos to account 
for the solar energy output by the pp chain is resolved by 
assigning a major portion of the solar output to lowcr cncrgy 

15 hydrogen transitions. The photosphere of the Sun is 60<X)K; 
whereas, the temperature of the corona based on the 
assignment of the emitted X-rays to highly ionized heavy 
elements is in excess of 10* K. No satisfactory power transfer 
mechanism is known which explains the excessive 

2 0 temperature of the corona relative to that of the photosphere. 
The paradox is resolved by the existence of a power source 
associated with the corona. The energy which mniniains the 
corona ai a ierrtpciijrurc in excess of iO* K is thai released by 
disproportionation reactions of lower-energy hydrogen as 

2 5 given by Eqs. (13-15). In Table 2 of Mills, the energy released 

by the transition of the hydrino atom with the initial lower- 
energy state quantum number p and radius — to the state 

P 

with lower-energy state quantum number + and radius 

a.. 

catalyzed by a hydrino atom with the initial lower- 

3 0 energy state quantum number m\ initial radius — , and final 

radius q„ are given in consecutive order of energy from the 
1^1/2 H iransiiion to the 1/9-4I/I0 H transition. The 
agreement between the calculated and the experimental 
values is remarkable. Furthermore, many of the lines of Table 
3 5 2 had no previous assignment, or the assignment was 



rCT/U«>96/07»4» 



99 



"nsatisfncory [Thomas. R. J.. Ncupcr.. W.. M.. As.rophys.cal 
Journal Supplement Scries. Vol. 91. (1994). pp 46l-48> 
Mahnovsky. M., Heroux. L.. Asirophysical Journal Vo) I8| 
(1973). pp. ,009-1030: Noyes. R.. Ihe^n^^. Harvard 
5 Umversi.y Press. Cambridge. MA. (1982). p. 172: Ph.ll.ps J H 
^m<i^JQ_ib^Sm. Cambridge University Press. Cambndce " 
Great Brilam, (1992). pp. 118-119; 120-121; 144-145) ^ The 
calculated power of a X 10^ W matches the observed power 
output of 4;f JO* H/. 

10 The broadening of the solar «I9II.8>4 line 

(9ll.iA,o » 600/1 ) is six times thai, predicted based on the 
Ihermal electron energy a, the surface of the photosphere 
U = 6,(mK) where the «I 911.8^ continuum originates, and 
based on the relative width of the helium continuum l.ncs. 
15 Hel 504.3A (Hel504.3Aw ==530^) and 7/^022794 
(//f II 227.9 A.O -225^) (Thomas. R. J.. Neuperi. W.. M 
Astrophysical Journal Supplement Series. Vol. 9l' (J99^) 
461-482; Slix. M.. Ihe_Su«. Springer- Verlag. Berlin. (]99i) pp 
351-356; Malinovsky. M.. Heroux. L.. Astrophysical Journal. 
20 Vol. 181. (,973), pp. 1009-1030; Noyes. R.. TlK_Su.n. 0»x_Smr 
Harvard University Press. Cambridge. MA. (1982). p. 172; 
Phillips. J. H.. Guidc_!ojLhc_Sj^ Cambridoc University Pres.s 

Sr:ta:r.. (1992). pp. 158-119. j20-i2i; 144- 
145j. The latter lines are propomonally much narrower- yet 
the corresponding temperatures of orisin must be higher 
because the transitions are more energetic. Furthermore, the 
« 911.8.4 continuum hne of the speciixim of a prominence is 
about one half the width of the same line of the quiet Sun 
spectrum. Yet. the temperature rises lo greater than 10.000 
■»U ma prominence. The problem of the anomalous spectral 

feature of the excessive broadening ot the continuum Imc of 
hydrogen to higher energies can be resolved by assignment of 
the broadening mechanism to energetic disproporiionation 
reactions involving hydrogen atoms as rcactants. 

The reaction product, lower-energy hydrogen, can be 
rcionized as it is diffuses towards the center of the Sun The 
abrupt change in the speed ol sound and transition from 
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• radiaiiou zone" to "convection zone" at a radius of 0 7 the 
solar radius. 0.7/?,, with a temperature of 2 X K matches the 
>oni/.ation temperature of lower-cncrjy hydrogen. 

Another spectroscopic mystery concerns an infrared 
absorption band of the chromosphere at a wavelength of 
4Jnn, which was previously assigned to carbon monoxide 
despite the implattsibility of its existence in the observed 
region which has a temperature above that at which carbon 
monoxide would break up into its constituent carbon and 
oxygen atoms. This problem can be resolved bv assignment of 
fhe broad 4.7 feature lo a temperature broadened 
rotational transition of a molecular ion of lower-energy 
hydrogen. The assignment of the 4.7//m absorption line to the 
J-OioJ = i transition rotational transition of «;j2c = 3fl r 

provides a resolution of the problem of cool carbon monoxtde 
clouds. 

Modeling how stars evolve leads to age estimates for 
some stars (hat are greater than the age of the universe. Mills* 
«hcory predicts that presently, stars exist which are older than 
Uie elapsed time of the present expansion as stellar evolution 
occurred during the contraction phase. 

General Relativity provides a resolution to the problem 
of the Joss of anpuiar momentum o( the core which is in 
agreement with the current Solar models and helioseismology 
data. The photon transfer of momentum to expanding 
spacetime mechanism provides a resolution lo the solar 
rotation problem of the slowly rotating Solar core. 

Further stellar evidence of disproportionaiion reactions 
IS the emission of extreme ultraviolet radiation by young stars 
called A stars. They appear to have energetic, ultraviolet- 
emitting upper atmospheres, or coronas, even though 
astronomers believe such stars lack the ability to heat these 
regions. 

Numerous late-type stars, particularly dM stars, are 
known to flare from time to lime ai visible and X-ray 
^»'avclengths. An extremely pronounced flare was observed 
by the Extreme Ultraviolet Explorer (EUVE) Deep .Survey 
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telescope on the siar AU Microscopii at a coum of 20 times 
greater than ihat ai quiescence (Bowycr. S.. Science. Vol. 263 
<J994). pp. 55-59}. Emission lines in the extreme uJiraviolei 
were observed for which there is no satisfactory assignmcnl. 
These spectral J.ncs match hydrogen transitions to electronic 
energy levels below the "ground" siaie corresponding to 
fractional quantum numbers as shown in Table 3 of Mills. The 
lines assigned to lower-energy hydrogen transitions increased 
significantly in intensity during the flare event. The data is 
consistem wiih disproportionation reactions of Jower-energy 
hydrogen as the mechanism of solar flare activity. 

Planetary evidence of disproporlionaiion reactions is the 
emission of energy by Jupiter, Saturn, and Uranus in excess of 
that absorbed from the Sun. Jupiter is gigantic ball of gaseous 
hydrogen. Saturn and Uranus are also largely comprised of 
hydrogen. H; is detected from all three planets by infrared 
emission spectroscopy (J. Tennyson, Physics World. July. 
(1995). pp. 33-36]. Disproportionation reactions of hydrogen 
yield ionizing clecirons. energy, and lohized hydrogen atoms. 
Ionizing electrons and protons can both react wiih molecular 
hydrogen to produce 

The spin/nuclear hypcrfine structure transition energies 
of icwer encrgy hydrogen match closely cenain .spcciiai iine'; 
obiamcd by CODE |E. L. Wright, et. al.. The Aslrophysical 
2.-> Journal. 381. (1991). pp. 200-209; J. C. Mather, el. al.. The 

Astrophysical Journal. 420, (1994), pp. 439-444] for which no 
other satisfactory assignment exists. 



1 5 



20 



3 0 



Example f t. 

Pennsylvania Slate University has determined excess 
heat release from flowing hydrogen in the presence of ionic 
hydrogen spillover catalytic material: 40% by weight 
potassium nitrate (KNO3) on graphitic carbon powder with 5% 
by weight J%-Pd-on-graphitic carbon (K+/K^ electrocatalytic 
3 5 couple) by the very accurate and reliable method of heat 

measurement, thermopile conversion of heat into an electrical 
output .signal (Phillips, J.. Shim. H.. "Additional Calorimeiric 
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Examples of Anomalous Heal from Physical Mixtures of 
K/Carbon and Pd/Carbon \ January i, 1996, A Confideniial 
RcpoH submiued to HydroCatalysis Power Corporation 
provided by HydroCaialysis Power Corporation, Great Valley 
5 Corporate Center. 41 Great Valley Parkway, Malvern, PA 
19355J. Excess power and heat were observed wiih flowin^ 
hydrogen over the catalyst. However, no excess power was 
observed with flowing helium over the caialysi mixture. Rales 
of heal production were reproducibly observed which were 
1 0 higher than that expected from the conversion of all the 
hydrogen entering the cell to water, and the total energy 
observed was over four times larger than thai expected if all 
the catalytic material in the cell were converted to the lowest 
energy state by "known" chemical reactions. Thus, 
1 5 anomalous" heat, heat of a magnitude and duration which 
could not be explained by conventional chemistry, was 
reproducibly observed. 



Exam ple 6 

0 Excess heat from a pressurized gas energy cell having a 

gaseous source of energy holes has been observed by 
HydroCatalysis Power Corporation (manuscript in progress} 

wilh ]f>W nrpc^um hvdrno/*n in tht> r>.r,^<^n^^ ,v^^k.u,a^^.._, 

f - ... ^...^ ... |. .^..w**%*w vr» t*(V#Jjr COC JJ till I 

iodide (Mob) (Mo2+ clecirocaialytic ion) which was volatilized 
^ at ihc operating temperature of the cell, 210 °C, The 

calorimeter was placed inside a large convection oven that 
maintained the ambient temperature of the cell at the 
operating temperature. The cell comprised a 40 cc stainless 
steel pressure vessel that was surrounded by a 2 inch ihick 
0 molded ceramic thermal insulator. The cell was scaled wiih a 
vacuum tight flange that had a two hole Buffalo gland for a 
tungsten wire to dissociate molecular hydrogen, a perforation 
for a Type K thermocouple, a 1/16 inch inlet for hydrogen 
which was connected to a 1/4 inch stainless steel tube which 
S connecied to the hydrogen supply. The flange was sealed with 
a copper gasket. The bottom of the vessel had a 1/4 ' vacuum 
port connected to a stainless steel tube with a valve between 
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the ceil and a vacuum pomp and vacuum gaii^t. Less than 
one gr^m of M0I2 cataJyst was placed in a ceramic boat .nsidc 
the vessel. The vapor pressure of the caialysi was estimated 
10 be about 50 millilorr at the operaiina temperature 210 "C 
5 The hydrogen pressure of about 200 to 250 miilitorr was 

controlled manually by adjusting the supply through the inlet 
versus the amount pumped away at the outlet where the 
pressure was monitored in the outlet tube by the vacuum 
gauge. For each run. the total pressure was made (including 
I 0 the M0I2 pressuc in ihe case of the e.xperimcntal run) 
precisely 250 miilitorr. 

The output power was determined by measuring 
difference between the cell temperature and the ambr-'eni oven 
temperature and comparing the result to a calibration curve 
generated by applying power to the inside of ihc cell with the 
tungsten filament. Excess power of 0.3 watts was observed 
from the 40 cc stainless steel reaction vessel containing less 
than 1 g of Mob when hydrogen was flowed over the hot 
tungsten wire ( = 2000''C). However, no excess power was 
observed when helium was flowed over the bol tungsten wire 
or when hydrogen was flowed over the hoi lungsien wire with 
no Moi2 present in the cell. Rates of heat production were 

reprodnrihl V r>KQr»rv#»/'l iwKw>K n>A.-o .1 .». 

, . v.. »»iiz.tn^i man iijktt CXpCClCO 

from the conversion of all the hydrogen in&jdc the cell to 
2> water, and the toial energy observed was over 30 times larger 
than thai expected if all ihc caialyiic material in the cell were 
convened to the lowest energy state by "known" chemical 
reactions. Thus, "anomalous" heal, heat of a magnitude and 
duration which could not be explained by conventional 
3 0 chemistry, was rcproducibly observed. 

The gaseous contents of the reactor were monitored with 
a mass spectrometer. At the time that excess energy was 
produced corresponding to the case wherein hydrogen was 
flowed over the hot filament, a higher ionizin? mass two 
<5 species was observable; whereas, durine the control run 

wherein hydrogen was flowed over the hot tungsten wire with 
no M0I2 present in the cell, a hisher ionizing mass two species 



20 



wo 96/420S5 



rcr/US96/0794^ 



104 



was noi observed. The higher ionizing mass two species is 



assigned (o the dihydrino moiecuic, 2// 
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aims : 

A cell comprising: 

a vessel capable of containing a vacuum 
or pressures greater than atmospheric. 

an effective amount of a materia} for 
forming a gaseous transition catalyst for 
catalyzing the transition of a hydrogen atom 
CO an energy state lower than n=l, where n is 
the energy state of an electron in said free 
hydrogen atom; 

a source of hydrogen atoms in the gas 
phase; 

means for forming said gaseous 
transition catalyst from said material; 
and 

means for contacting said gaseous 
transition catalyst with said hydrogen atoms 
in said vessel under conditions whereby said 
hydrogen atoms undergo a transition to an 
energy state lower than n=l and releases 
energy , 

A cell according to claim i. wherein said 
gaseous transition catalyst is adapted to 
absorb a multiple of about 27 eV from said 
hydrogen atom when said hydrogen atom 
undergoes said transition to a lower energy 
state . 

A cell according to claim 1, wherein said 
gaseous transition catalyst is adapted to 
have a resonant absorption with the energy 
released by said hydrogen atom when said 
hydrogen atom undergoes said transition to a 
lower energy state. 
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A cell according to claim 1, wherein said 
source ot hydrogen atoms comprises; a hydrogen 
containing gas and means for disassociating 
said hydrogen containing gas. 

A cell according to claim 4, wherein said 
source of hydrogen atoms comprises at least 
one of a hot filament and a hydrogen 
containing gas stream, a hot grid and a 
hydrogen containing gas stream, a tungsten 
capillary heated by electron bombardment to 
1800-2000 K and a hydrogen gas containing 
stream, a hydride maintained under 
nonequilibrium conditions, and an inductively 
coupled plasma flow tube and a hydrogen gas 
containing stream. 

A ceil according to claim 1, wherein said 
source of hydrogen atoms comprises a hydrogen 
containing gas stream and a second catalyst 
for disassociating said hydrogen containing 
gas stream into free hydrogen atoms. 

A cell according to claim 6, wherein said 
hydrogen disassociat ion catalyst comprises at 
least one element selected from the group of 
the transition elements, lanthanides, and 
activated charcoal. 

A cell according to claim l, further 
comprising means for absorbing energy from 
said hydrogen atom undergoing said 
transitions . 

A cell according to claim 1. further 
comprising means for removing molecular 
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hydrogen having an energy state lower than 

A cell according to claim 1. further 
comprising a boat or container for containing 
said material, and means for connecting said 
boat or container to said vessel, 

A cell according to claim 10, wherein said 
boat or container further conprises means for 
heating said material contained therein. 

A cell according to claim 1, wherein said 
gaseous transition catalyst is an ionic 
compound which is resistant to hydrogen 
reduction. 

A cell according to claim 1, wherein said 
material is adapted to sublime, boil, or 
become volatile when heated. 

A cell according to claim i, wherein said 
material comprises a salt of rubidium or 
potassium . 

A cell according to claim 1, wherein said 
material comprises a salt of rubidium which 
is selected from the group consisting of RbF, 
RbCl, RbBr, Rbl , Rb,S,, RbOH, Rb,SO,, Rb,COj, 
and R bjPO^ . 

The cell according to claim wherein said 
material comprises a salt of potassium which 
is selected from the group consisting of KF, 
KCi. KBr, KI, K,S,, KOH, K,SO,. K,CO,, KjPO,, 
and KjGeF, . 
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The cell according to claim i, wherein said 
material is adapted to provide a vapor 
pressure greater than 0 of a cation selected 
from the group consisting of (Rb') , (Mo^*) , 
and (Ti^*) , when said material is heated. 

The cell according to claim 1, wherein said 
material is adapted to provide a pair of 
cations having a vapor pressure greater than 
0 when said material is heated, said pair of 
cations being selected from the group 
consisting of: (Sn*\ Si*'), (Pr*\ Ca'') , 

{Sr'\ Cr'n , <Cr'\ Tb'*) , (Sb^\ Co^-) , 
Ni'-), (Pd^-, In'), (La'\ Dy^'), (La^\ Ho^ ), 

{K\ K'), (V*-, Pd^*). {Lu'', Zn'), (As'\ Ho*). 

(Mo'^', Sn*') , {Sh'\ Cd' ), {Ag*\ Ag*) , {ha^\ 
Er»-), B'-), {Fe^\ Ti^M, (Co'', Ti'), 

{Bi'\ 2n'^), (As^-. Dy^-), (Ho'\ Mg^*) , iK\ 
Rb-), (Cr'\ Pr^-), {Sr'\ Fe'*) , (Ni'', Cu') , 

(Sr'\ Mo'*), {Y'\ Zr*"), (Cd'\ Ba^') , (Ho'-, 
Pb^*), (Pd'-, Li'), (E\j*\ Mg"), (Er*\ Mg^) . 

(Bi*-, Al'-), {Ca'\ Sm^'), {V'\ La''), {Gd'\ 
Cr^') , (Mn^-, Ti'). (Yb'\ Fe'"), Ni'\ Ag') , 

(Zn'\ Yb' ), (Se*\ Sn") . {Sh^\ Bi' ) , and 

A cell according to claim 1, wherein said 
material comprises a salt which can be 
vaporized or volatized into ions. 

A cell according to claim 19, wherein said 
salt comprises one or more cations and at 
least one anion selected from the group 
consisting of halides, sulfates, phosphates, 
carbonates, hydroxide, and sulfides. 
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A cell according to claim 1, wherein said 
meatu; for forming said gaseous transition 
catalyst from said material comprises at 
least one of heat, electron- beam energy, 
photon energy, acoustic energy, electric 
field, or magnetic field. 

A cell according to claim 1, wherein said 
material is adapted to provide gaseous atoms, 
said means for forming said transition 
catalyst further comprising means for 
ionizing said gaseous atoms to form said 
gaseous transition catalyst. 

A cell according to claim l, further 
comprising means for heating said material, 
wherein said material is adapted to provide 
gaseous atom when said m«Tterial is heated, 
and said means for forming said transition 
catalyst comprising means for ionizing said 
gaseous atoms. 

A cell according to claim 1, wherein said 
material comprises a filament which when 
active forms said gaseous transition 
catalyst . 

A cell according to claim 1, wherein said 
means for forming said gaseous transition 
catalyst comprises a filament and said 
materia) is coated on said filament. 

A cell according to claim 11, wherein said 
material is adapted to provide gaseous atoms 
when heated, and said means for forming said 
transition catalyst comprising means for 
ionizing said gaseous atoms. 
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27. A cell according to claim 10, wherein said 
niciterial comprises a salt which can be 
vaporized or voiacized into ions. 

28. A eel] according to claim 1. further 
comprising a nonreactive gas wherein the 
power is controlled by controlling the amount 
of said nonreactive gas. 
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A cell according to claim i, wherein said 
source of hydrogen atoms comprises a means 
for pyrolysis of hydrocarbons or water. 

A cell according to claim 29, wherein said 
cell comprises an internal combustion engine 
cylinder. 

A cell according to claim i, further 
comprising a means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
controlling the amount of said 9a.seous 
transition catalyst or said hydrogen atoms. 

A cell according to claim 31, wherein said 
means for controlling the amount of said 
gaseous transition catalyst comprises means 
for controlling the temperature of said cell, 
wherein said material is adapted to have a 
vapor pressure dependent upon the temperature 
of said cell. 



33. A cell according to claim 10, further 

comprising means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
controlling the temperature in said boat or 
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container, wherein said material i.<s adapted 
to have a vapor pressure dependent upon the 
temperature ot said bo«at or container. 

A cell according to claim 31, wherein the 
amount of said hydrogen atoms is controlled 
by controlling the flow of hydrogen atoms 
from said hydrogen atom source. 

A cell according to claim S, further 
comprising a means for controlling a power 
output of said cell, said power output 
controlling means comprising means: 

for controlling the flow of said 
hydrogen containing gas over at least one of 
said hot filament, said tungsten capillary 
heated by electron bombardment, or said 
inductively coupled plasma flow tube; or 

for controlling the power dissipated in 
said inductively coupled plasma flow tube; or 

for controlling a temperature of said 
hot filament or said tungsten capillary 
heated by electron bombardment; or 

for controlling the pressure of hydrogen 
and temperature of said hydride maintained 
under nonequi 1 ibrium conditions. 

A ceil according to claim l, further 
comprising means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
monitoring the quantity of said released 
energy . 

A cell according to claim l, further 
comprising means for controlling a power 
output of said cell, said power output 
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controlling means comprising a compucerized 
moni coring and control system which monitors 
at least one of a thermistor, spectrometer, 
or gas chromatograph. 
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A method of extracting energy from hydrogen 
atoms comprising the steps of: 

volatizing a material to form a gaseous 
transition catalyst; 

providing hydrogen atoms; and 
contacting said gaseous transition 
catalyst with said hydrogen atoms under 
conditions whereby said hydrogen atoms 
xmdergo a transition to an energy state lower 
^^^^ and energy is released from said 
hydrogen atoms, wherein n is the energy state 
of an electron in a free hydrogen atom and 
said gaseous transition catalyst is a 
catalyst for catalyzing the transition of 
hydrogen to an energy state lower than n=l . 

39. A method according to claim 38, wherein said 
step of providing hydrogen atoms comprises 
the step of disassociating a hydrogen 
containing gas into hydrogen atoms. 

40. A method according to claim 38, wherein said 
step of providing hydrogen atoms comprises at 
least one of passing a hydrogen containing 
gas over a hot filament, passing a hydrogen 
containing gas over a hot grid, passing a 
hydrogen containing gas through a tungsten 
capillary heated by electron bombardment to 
1800-2000 K, or maintaining a hydride under 
nonecjuilibrium conditions, or passing a 
hydrogen containing gas through an 
inductively coupled plasma flow tube. 
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A method according to clnim 38, wherein said 
step of providing hydrogen atoms comprises 
contacting a hydrogen containing gas wich a 
second catalyst for disassociating said 
hydrogen containing gas stream into free, 
hydrogen atoms. 



A method according to claim 38, wherein said 
gaseous transition catalyst absorbs a 
multiple of about 27 eV from said hydrogen 
when said hydrogen atoms undergo said 
transition to a lower energy state. 

A method according co claim 30, wherein said 
gaseous transition catalyst is adapted to 
have a resonant absorption with the energy 
released by said hydrogen atoms when said 
hydrogen atoms undergo said transition to a 
lower energy state. 

A method according to claim 38, further 
comprising the steps of conducting said 
method in a cell comprising a vessel having 
Che capability of containing a vacuum or 
pressure greater than atmospheric. 

A method according to claim 38, further 
comprising the step of controlling a power 
output of said cell . 



A method according to claim 4S, wherein said 
step of controlling a power output of said 
cell includes controlling a flow of hydrogen 
atoms into said cell. 
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47. A method <Jccording to claim 38. further 
comprising the step of absorbing said 
released energy. 

b 48. A method according to claim 38, further 

comprising the step of removing molecular 
hydrogen having an energy state lower than 
n^l. 

10 49. A method according to claim 38, wherein the 

step of volatizing a material to form a 
gaseous transition catalyst comprises the 
steps of volatizing said material to form 
gaseous atoms and ionizing said gaseous 

1^ atoms. 



50. A method of making hydrinos comprising the 
steps of : 

volatizing a material to form a gaseous 
transition catalysts- 
forming hydrogen atoms; and 

contacting said gaseous transition 
catalyst with said hydrogen atoms under 
conditions whereby said hydrogen atoms 
undergo a transition to an energy state lower 
than n=l and energy is released from said 
hydrogen atoms to thereby form said hydrinos, 
wherein n is the energy state of an electron 
in a free hydrogen atom and said gaseous 
transition catalyst is a catalyst for 
catalyzing the transition of hydrogen to an 
energy state lower than n=:l . 
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51. A method according to claim 50, further 
comprising the steps of collecting and 
purifying said hydrinos. 
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